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INDIAN TEA ASSOCIATION 


REPORT OF THE COMMISSION OF ENQUIRY ON 
THE SCIENTIFIC DEPARTMENT, 

1 935 - 36 . 


The Chairman, 

Indian Tea Association, 
London. 


Dear Sir, 

We, the members of the Commission, appointed by your 
Association to report on its Scientific Department, beg to send 
3^011 herewith our Report, 

We have written for the varied readers represented by tlie 
tea industry, avoiding scientific terms as far as possible. *This 
has lengthened the Report by explanations which for scientific 
readers will be superfluous. 

Our investigations, beginning with discussions and the 
study of scientific reports at home, have been prolonged over 
seven months. They have included visits to Ceylon and Java 
and a period of ten weeks in India, divided between tours in the 
tea districts, meetings in Calcutta and a stay at Tocklai. 

We have many kindnesses to acknowledge. Our first step 
must be to speak of our gratitude to the tea industries of Ceylon 
and Java and to the Governing Bodies and Staffs of their research 
stations. To most generous social and scientific hospitality they 
added unhampered freedom of access to information of all kinds. 



On tour in India, for several weeks, while constantly enjoy- 
ing the technical assistance of the planting community, we' also 
depended wholly on them for sustenance. To our many hosts 
and hostesses, of whom we take away very grateful recollections, 
we make our warmest acknowledgments. 

Mr. D. C. Stewart-Smith has acted as Secretary to the Com- 
mission and Mr. R. J. LeFaucheiir as Stenographer and Typist. 
We thank them both. 


Yours faithfully, 

F. L. Engledow 
Jas. Insch. 

J. M. Kilburn. 
R. B. Lagden. 


Srd March, 1936. 
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INDIAN TEA association. 


Report of the Commission of Enquiry on the Scientific 
Department, 1936. 

SECTION 1 . 

INTRODUCTION. 

I. The terms of reference of tlie Commission were : — 

“To make a full enquiry into the constitution, 
administration and working of the Tocklai Experimental 
Station and to indicate any changes that may be desirable 
in 

(a) , the constitution and governance; 

(b) . the orientation of the researcli work of the 

Station.” 

In a circular (A. 59, dated the 12th September, 1935) to all 
its members, the Indian Tea Association (London) specified 
some of the matters in which enquiry should be made in the 
following words : — 

‘Tt is desired to ascertain in the interests of the 
industry, whether the work which is in progress is best 
calculated to produce results which will be of commercial 
benefit to the industry when applied. Also whether the 
organisation of the present Station calls for any alteration 
and generally whether results are likely to be commen- 
surate with the expenditure directed to research. 

It is also felt that, if possible, there should be inter- 
national co-operation in research work, a full exchange of 
views and results and an endeavour to avoid overlapping 
in the activities of the different scientific stations main; 
tained by producers in North and South India, Ceylon 
and the Netherlands East Indies,” 



fiiembers appointed to the Commission were 

Prof. F. L. Engledow, c.M.G., M.A., B.sc., 
Draper’s Professor of Agriculture, Cam- 
bridge. 

Mr. James Insch, Commercial Member, 

Mr. J. M. Kilburn, Planting Member, 

Mr. R. B. Lagden, m.c., (Nominated by the 
Indian Tea Association, Calcutta). 

Mr. D. C. Stewart-Smith was appointed Secretary and 
Mr. R. J. LeFaucheur has acted as vStenographer. 

With circular A. 59 there was also sent to every member of 
the Indian Tea Association (London) the following ques- 
tionnaire : — 

(1) . What in your opinion are the major problems of 

the industry under the headings ? 

(a). Production; (6). Manufacture. 

(2) . Have you any criticism to offer of the work of 

Tocklai in the past uuder the following head- 
ings ? 

(a) . Scientific Research. 

(b) . Advisory Work. 

(c) . Practical Planting. 

(d) . Practical Manufacture. 

(3) . Have you any suggestions to make regarding the 

future work at Tocklai whereby greater assist- 
ance would be given to the planter ? 

Of 24 Agency Houses which received the questionnaire, 
4 sent replies; for Tea Companies the numbers were 33 and 6; 
for Tea Brokers 14 and 3; for individual members 46 and 2. In 
addition the Commission received verbal evidence from 14 wit- 
nesses in London, of whom 3 were tasters. The questionnaire 
was also sent to all its members by the Indian Tea Association 
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Calcutta). In the circular (No. 48, dated the ayth^ August, 

of which it formed part it was explained that representa- 
ve associations of producers had been separately invited to send 
splies and to give the names of witnesses who would be willing 
> meet the Commission ; Agency Houses were asked to submit 
comprehensive note of the \^iews held by all the Companies and 
states in their agency. Twenty replies were received from India 
nd the Commission gratefully acknowledge the care and clear- 
ness of the replies to the questionnaire and the kindness of the 
ndian Tea Ass(Knation (Calcutta) and all others concerned in 
laving the replies from India made available for one of its home 
iicmbers before he sailed. A summary of the replies received 
rom London and from India is given in Appendix I to this 
ieport and a list of witnesses and respondents and of estates 
'isited in Appendix II. 

During the six months before sailing, the home members 
>f the Commission were enabled, through kindness now warmly 
icknowledged, to discuss, at length, various aspects of the tea 
ndustry of India and of Ceylon in relation to research work. 

One of them visited Ceylon and Java where the courtesy and 
complete freedom of access he received gave him an acquaintance 
vith the problems of tea and their scientific treatment which. has 
lone much to assist the Commission in its work. 

Two representatives from Southern India also met the Com- 
mission in Calcutta and discussed with them, at length, the work 
jf their own Research Station and the question of co-operation 
in research among tea producing countries. 

The Principles Followed, 

2. The Commission commenced its work by deciding on 
the principles in the light of which it should take up its terms of 
reference. It was guided in part by consideration of the work 
and circumstances of Tocklai. Further it took into account the 
experience of a number of other stations devoted to research on 
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crop products. The principles which, with frequent re-exami- 
nation, have been employed all through the Commission’s work 
' are : — ^ 

(t) . The purpose of the Tocklai Station is twofold; . 

first — to employ the sciences for the economic 
betterment of the tea growing industry; next — . 
by appropriate advisory, work to help planters 
to use fully all the assistance the sciences can 
offer. 

{ii). The constitution and administration of a research 
station should be primarily designed to promote 
the scientific work of the station and must, 
therefore, sub-serve it. 

(Hi). Policy in applied research must be determined by 
the economic circumstances of the industry con- 
cerned. It must consequently take the form of 
attacking the chief problems of the industry. 

{iv). It is the duty of the research station to formulate 
these problems for itself keeping, for that pur- 
pose, in very close touch with all sections of the 
industry. 

(u) . As the number of problems in an industry such 

as tea production is unlimited, those to be 
studied must be very carefully selected. They 
must be clear and tangible and not as a whole 
beyond the research station’s resources. The 
transient difficulty must be distinguished from 
the enduring problem. 

(vi). In attacking a problem of industry the relevant 
economic and practical circumstances should 
first be fully studied. The scientific problems 
involved in the industrial problem should then 
be identified. 



( 5 ) 


(vii)\ In the next stage, which is to study ^ these com- 
ponent scientific problems, the research worker 
must have the full freedom which general 
experience shows to be essential for all original 
investigation. But he should, at all times, 
remember that the one aim of his work is to 
advance the industry. 

(viii). For success in translating experimental results 
into commercial practice, action on two sides is 
required. The investigator must fully work out 
the practical implications of his results and test 
their validity under the varying conditions of 
the industry. And for their part, practical ex- 
ponents must recognise that the final test of the 
practical value of any new method can be 
obtained onl^^ b}^ widely arranged practical trial, 
so that the research worker cannot always, in 
the early stages of a possible new development, 
be in a position to speak with complete certainty. 
And in the broader field of their terms of refer- 
ence the Commission adhere to the further prin- 
ciple : — 

(ix). That in .so far as it is practicable, it is in the ulti- 
mate interest of all tea producing countries to 
join together in advancing knowledge of the tea 
plant and of tea making. 

There can be no rules for research policy and the choice of 
principles must be determined by the circumstances of the indus-’ 
try and the research organisation concerned. For instance, in 
illustration of this point, the Empire Cotton Growing Corporation 
lecently, in inviting applications for a senior vacancy at its 
central research station in Trinidad, spoke thus of its policy in 
research : — 

“Broadly, the objective of the Station (in Trinidad) is to 
obtain knowledge of the fundamental properties of 
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tbe cotton plant and lint. It is thus able to take up 
investigations which are beyond the scope of the 
Agricultural Departments and of the Cotton Stations 
in cotton growing countries. The Corporation does 
not closely define the policy to be adopted by the 
Trinidad Station in working towards the broad 
objective stated above, viz., to obtain knowledge of 
the fundamental properties of the cotton plant and 
lint. It leaves to its staff the freedom in choosing 
lines and methods of investigations which such an 
objective necessitates. At the same time the Cor- 
poration feels that the work of the station should be 
so directed as to conform with the Corporation’s 
inherent obligations to promote the interests of cot- 
ton growing in the Empire. Thus the ultimate aim 
in .seeking fundamental knowledge is the creation of 
new methods and the improvement of existing ones 
in plant breeding and in all the aspects of cotton 
growing.” 

Here is an instance of a central station for fundamental 
research, more immediate and local investigations being in the 
hands of stations in the various British cotton territories. The 
circumstances are very different from these of Tocklai which, 
single-handed, serves all the scientific needs of North-East India. 
Some of the advantages of a central station might, we feel, be 
secured to Tocklai by collaboration in research with the other 
tea research stations. 



SECTION 11. 


THE ECONOMIC SITUATION OF TEA AND ITS BEARING 
ON RESEARCH. 

3 . The major features of a programme in research cannot 
be changed rapidly. On the other hand, the need of the moment 
may, in industry itself, change swiftly and often. It therefore 
follows that in directing research policy to the problems of 
industry, great care must be used so that the problems studied 
may be commensurate with the time and effort their solution 
occupies. Substantial study is only justified on major problems 
of an enduring kind. In considering the bearings of the econo- 
mic situation on research, it is only with the major aspects that 
we are concerned. Detailed study of research is taken up in 
later sections. Our considerations necessarily fall under the 
headings of production and consumption. ' 

Tea Consumption. 

4 . In present circumstances consumption lies at the heart 
of tea economics. What is being done by propaganda to encour- 
age a greater use of tea is well-known and is outside our refer- 
ence. We think it desirable, however, to speak of a possible 
counter-influence in the form of hostile propaganda. Dogmatic 
statements concerning human health, even though supported by 
no more than fantastic theoretical evidence, are apt to lay hold 
of the public mind. The harmfulness (and wholesomeness) of 
everything in common use (including tea) has been repeatedly 

proved’* and the resurgence of a wave of fancy may, at any 
time, prove damaging to any article of diet. It seems, therefore, 
worthwhile to be prepared in advance by obtaining experimental 
evidence of a kind which scientific and medical opinion would* 
accept. We have seen a certain amount of published experi- 
mental work bearing on the relation between tea and health but 
we think a more substantial and carefully planned study of the 
question should be made. In the questionnaire replies, consump- 
tion was only once referred to, the suggestion being thqt the mak- 
ing of green tea for Indian and other Eastern markets should be 
investigated. 
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5. TJjat quality and consumption are related is obvious, 
but in exactly what way is by no means clear. The nature of 
this relationship is, however, of great economic importance and 
we feel the industry should have it constantly under review. 

6. There must be recognised now, in connection with a 
vast number of valuable products, what may be called the ‘*prin- 
ciple of displacement''. For many purposes, metal has dis- 
placed wood; for clothing, wool and artificial silk now increasing- 
ly displace cotton; cotton is now used where some years ago 
leather might have been employed and so on. For a long time 
such displacements came about slowly and almost without 
planning. But now, in industry, displacement is a working 
principle for which material is furnished by active research. It 
would be inappropriate to discuss here the application of the 
principle to tea but we feel that consideration should be given 
to it by some suitable organisation whose general duty it should 
be to study the problem of consumption and to undertake con- 
sumption research. This research would include a vigilant study 
of any changes in the public taste concerning tea at home and 
abroad. In our view the London Advisory Committee, for 
which proposals are made in Section X, in conjunction with the 
International Tea Market Expansion Board, might be respon- 
sible for this work. ^ 

Tea Production, 

7. With output restricted, the prime production problem 
in North-East India, as a whole, is how to produce the permitted 
total amount of tea at the least possible cost and to obtain for it 
the highest possible average price per pound. In treating of the 
area as a whole it is necessary, of course, to take note of the fact 
that some estates show much greater efficiency than others. Now 
while it is for the owners of the least efficient estates to decide 
upon their line of action, those responsible for research policy 
cannot be. unaffected by the differences in efficiency on different 
estates, for from them arise corresponding differences in the 
problems requiring solution. We take the view that neither in 
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its research nor its advisory work should tlie Scientific Depart- 
ment be expected to make special efforts out of proportion to their 
importance in aid of a small number of cases in which exception- 
ally low efficiency is achieved. For the individual estate, as for 
the area as a whole, the prime requirement is to produce its per- 
mitted amount at. the minimum cost and at maximum value per 
pound. The components of this requirement are yield per acre, 
labour costs and quality (in the sense of selling price per pound). 

Tea Crowing: Present, 

8 . The influence of output restriction on policy in tea grow- 
ing is everywhere apparent. It has directed much attention to the 
idea of obtaining the permitted output of the estate from only 
a part of the total area under tea by intensive cultivation, the 
remainder of the area Ix^ing ‘'rested**. Several problems arise 
from this plan and among them; how “resting** should be 
managed ; whether labour costs can be lessened on the intensively 
worked area; whether gradual replanting with more suitable jat 
would be profitable, 

9 . U])on production costs, too, the fact of restriction bears 
with special interest and many of our witne.sses have suggested 
that the possibility of reducing labour charges should be looked 
into. It may 1)e said that production costs depend first*npon 
the ])roduction methods emploved and next on the efficiency with 
which they are ehi ployed. In many European countries, m 
North America and .^ome other countries, surveys of cost of pro- 
duction and of management efficiency in agriculture have been 
made. It cannot be doubted that these, when on an analytical 
basis and properly arranged, .sen^e two highly important pur- * 
]X).ses. They give a clear view of the industry or an area as a 
whole and without such a view it is hard to frame any general 
policy for the whole. Again they make it ]X)ssible for any one 
farm or estate to compare itself with the average or, for instance, 
the best to% of all the estates (the identity of estates Js not dis- 
closed in publishing the result, but is net, of course, needed in 
any such comparisons) . Various bases of comparison can be 



( 10 ) 

adopted, for instance ; gross output of produce for every ;£tOO 
spent on labour. Farms or estates are grouped together in shch 
surveys on the basis of soil type, size, etc. 

10. The tea industry is so circumstanced that surveys of 
this nature could be made from tlie records which each garden 
keeps as a part of its routine. And it is, we know, the regular 
practice of Agency Houses to appraise efificiency of estate work- 
ing. Whether a s}x^cial analysis of all the available data would 
be worth while must be left to the judgment of the Agencies. 

Tea Crowing: Future. 

11. vSo great is the significance of restriction that it is 
difficult for producers to think beyond the present. It is essen- 
tial, however, to attend to po.ssible future circumstances of which 
one may be the removal of restriction with or without a change 
in world tea consumption. The future is indeed uncertain, but 
general inferences may be drawn. Thus, clearly, it is wise to 
conserve the condition of the soil and the development and health 
of the tea bushes, so that if the chance of increasing output 
comes, it may be taken. To keep a firm hold on diseases in the 
tea areas at large thus seems economicallv sound and for this, 
not only research, but also unremitting use of established pre- 
ventive measures are required. 

12. Conservation of soil and of plant health are pecuHarlv 
interesting problems with perennial crops like tea planted on 
land which, a relative! v short time ago, was virgin. Slow 
changes, indicating long but perhaps vitally ini|x)rtant effects, 
must be expected. Humus content, it inav be surmised, will 
become of cardinal importance. For this reason we feel that in 
research on manuring something more than the immediate ques- 
tion — ^h'norganic versus organic*’ manure — is at issue. Humus 
content over long periods must be studied and the various 
methods of supplying humus should be searchingly examined. 

13. Consideration of slow, cumulative, .soil changes brings 
up the question of the “life” of tea. Through severe general 
deterioration of the tea bushes or because new and greatly 
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improved jats are produced, a wholesale replanting might Wom^ 
necessary (as distinct from gradual bush replacement). Could 
this l:)e effected ])rdfitably on land which had carried tea for fifty 
to seventy years and what would be the best methods of replant- 
ing? Manv questions of this kind arise and we feel that the 
general issue of the “life” of tea in North-Ivast India should 
be studied. 

14. It does not seem to us outside the range of this general 
economic survey to mention the circumstance that tea, like 
rubber, coffee, cacao and in places even wheat is often grown 
alone, i.e., on single crop estates. How disastrously disease or 
economic circumstances have at times dealt with single crop or 
single annual product enterprises in non>tropical countries is 
well-known. North-Kast India, unlike some other tea areas has 
plenty of unplanted land on its tea estates. Whether other pro- 
fitable crops could be found for this and whether by raising them 
the ]alx)ur distribution throughout the year would be helped or 
hitidered are questions into which we cannot enter. We feel, 
however, that this situation must be reckoned as one of the 
economic circumstances of the industry. If a crop could be 
found which did well on tea soils in general and 3^et was of a kind 
not to compete with tea as a commodity, fears for the future of 
tea would begin to melt away. 

Research on Tea Growing, 

15. Some hold that when an industry meets a difficult 
period, research work should be intensified ; others that it sholild 
be reduced as a means of economising. Both these views are too 
general to be di.scussed here but we wish to explain our attitude to 
the more specific suggestion that production being strictly 
limited, profit is governed bv quality and, therefore, research on 
tea growing should be given up except in .so far as quality is 
concerned. 

16. Our general answer to this .suggestion is that sudden 
changes in research policy are often dangerous. Speaking more 
specifically we think it important to remember that of the capital 
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Sunk in a t^a estate about one half is estimated to be in planting, 
and development while the bushes are growing (as distinct from 
tea making) is also responsible for a big proportion of recurrent 
production costs. Moreover, in rival products like coffee and 
cacao and in rival tea growing areas, research on the growing 
side is being steadily increased. Even China whose potentia- 
lities for tea export cannot be ignored, is making for tea research 
work the same comprehensive provision as for the other parts of 
her agriculture. Russia’s great interest is also well-known. We 
recognise that the economic future of tea is still unpredictable 
and are therefore of the opinion that the wisest way of facing it 
is by gaining the completest possible knowledge of the tea bush. 
This means we favour a continuance of research on growing. 
But it may be expected to be easy for .some years to produce all 
the tea which can l>e sold and planters in their evidence show a 
general satisfaction with existing methods. This leads us to 
suggest that research should now be largely directed to those 
matters which, like jat selection and vegetative propagation, 
though so far little known, are of great potential importance 
rather than to more immediate questions such as alternative 
orthodox methods of pruning. 

17. At present, labour is “dearer”' in North-East India 
than ‘in some other tea countries and there is no reason to expect 
a change in this matter. Now when labour is costly it must be 
used with the highest possible efficiency. This, in some cir- 
cumstances, e,g., wheat growing in Australia, can ho. ensured 
by the use of machinery. In tea growing there seems, at present, 
no scope for machinery (save in transport) and no ready way in 
which labour efficiency can be much increased. It, therefore, 
appears of the highest importance for dear labour countries to 
take other kinds of measures to maintain their position in rela- 
tion to competing countries. We believe that for North-East 
India the power to increase yield per acre without correspond- 
ingly increasing labour charges should be resolutely sought. 
And, further, this power is most likely to be obtained by im- 
proved jats. Improvement implies increased yielding capacity, 
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greater uniformity than in existing jats, and the provision of 
jats specially adapted to the various climatic and soil regions of 
North-East India. 

Tea Quality. 

1 8 . Various opinions have l)een expressed to the Commis- 
sion about the relative importance of yield per acre and quality 
as subjects for experimentation. One view is that yield is satis- 
factory and that quality alone needs study ; another that it must 
be sought to increase yield without loss of quality; a third that 
simultaneous improvement in both must be aimed at. It has 
never been suggested to us that quality could be ignored if yield 
was sufficient, and in the 1933-1934 Anniial Report of the Indian 
Tea Association (London) occur these words in connection with 
the possibility of increased consumption in India : — 

“It must be clear that if this is to depend on cheap 
tea it is not going to help us out of our difficulties.” 

19. Cheap tea here implies tea of low quality. The idea 
that the quality of North India tea in general should be 
raised must l^e examined in regard to lx>th economics and scien- 
tific research. If all tea advances in quality, will all prices cor- 
respondingly advance and will consumption increase? Owning 
companies must answer this question according to their .several 
circumstances. There is a further question — is it possible to 
limit the range of research on quality to certain classes of tea? 
For instance could the worst (say 15%) and the very best (say 
10%) be disregarded and enquiry be limited to the still great 
problem of improving the remaining grades of quality? Some 
of our witnesses have suggested that the es.sence of the quality 
problem is in the rains tea and that this alone need be studied. 
In our recommendation concerning lines of research, we have 
carefully weighed questions of this kind. 

Research on Quality. 

20. All our enquiries and experiences have convinced us of 
the superlative importance of research on quality of tea. Tea, with 
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tobacco, is distinguished from most other great crops by the wide 
range and subtlety of its quality and by the important influence 
quality exercivSes on price. If the scientific endeavours of rival 
products or countries are an im{X)rtant consideration in the matter 
of growing, as above we have declared them to be, they count 
still more in the matter of quality. For with tea, coffee and 
similar substances, within somewhat narrow limits, quality 
determines not only price on sale, but possibility of sale. And, 
further, there is another aspect of quality besides its average 
level and that is uniformity. By ensuring uniformity one pro- 
duct has sometimes been able to oust a better. It cannot be 
doubted that on the market, uniformity is of very high import- 
ance : and yet, as evidence shows, certainty of control over manu- 
facture and thus over uniformity of quality is one of the planter’s 
greatest needs. This form of the problem of quality may be put 
in another way. For any one set of .soil, altitude and climatic 
conditions, quality of the made tea is largely pre-determined 
l:)efore the leaf is plucked from the bush. It is possibly by this 
pre-determination that the general market reputation of the tea 
from the area concerned is primarily decided. The quality 
problem may, from this point of view, be stated as the problem 
of finding out how not to ruin quality in the factory as constantly 
and cheaply as possible. The influences of soil and climate may 
be said, from this point of view to create a special quality 
problem for every estate, viz,, what is the best quality of tea 
which the leaf of the estate is capable of producing or — and this 
is possibly the better way of stating the problem — what is the 
most profitable degree of quality to work for on any estate ? On 
economic grounds then, re.search on quality is a salient require- 
ment. No more obscure subject for research on crop products 
could, perhaps, be found. We conclude that the needs of the 
industry justify, and indeed dictate, a suKstantial outlay and a 
told attitude in research on quality. 

21. “Ignorance” — some of our witnesses have used this 
word — most truly defines the real problem of the industry in 
regard to manufacture. The nature and effects of the factors 
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chiefly influencing each process are very imperfectly known. If 
kno\rledge of these things can be supplied by research it will 
help the industry not only to do better in existing circumstances, 
but to meet fresh circumstances in the future, wliate'cr they 
may be. 

22. In paragraph 232 we express the opinion that the 
Scientific Department should prepare a ])rogramme of work based 
on a reasoned policy derived from the needs of the industry. We 
feel it no less necessary that the industry should, from time to 
time, examine its situation and formulate its policy. The busi- 
,ness advantage of doing this, the industry must judge for itself. 
Our motive in suggesting it is to ensure to the Scientific Depart- 
ment that understanding of major policy which it needs in 
deciding on its programme of research. Questions like ‘'single 
crop” policy or the general attitude to quality improvement illus- 
trate matters which might be covered by a statement of major 
policy. It might, we think, appropriately be one of the duties 
of the London Advisory Committee (.see Section X) to prepare 
the statement of polic}^ in conjunction with the Indian Tea Asso- 
ciation (Calcutta). 

23. It has been our concern in this section to discuss the 
chief features of the tea industry in North-Ivast India as a whole. 
For the guidance of research policy, however, and still more for 
ordinary work, the problems and circumstances of the main com- 
ponent areas must be considered. This matter we deal with in 
Section VIII. 
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SECTION III. 


THE FIELD OF RESEARCH ON TEA GROWING. 

24. In Section IT, from a consideration of the economic 
situation, wc have drawn certain general inferences as to 
research. Keeping tliese in mind, we proceed now to review the 
whole field open to research on tea. We believe a survey of this 
kind to l>e essential before a programme of experimentation is 
adopted. Tea jiroblems provide an immense field for enquiry 
and it is necessary to concentrate effort along a limited number 
of lines. These should be chosen for tlicir importance to tlie 
industry, combined with suitability for experimentation. Care 
in choosing tlie lines of enquiry is necessary in all crop research. 
With tea it is outstandingly important. For, as with all peren- 
nial crops, results can be accurately measured only by continuing 
observation over many years. Moreover, tea pre.sents certain 
problems, notably those of quality and of ])lant breeding, which, 
for inherent difficulty, arc paralleled by those of very few other 
crops. 

25. Briefly, the objective of research on tea, is to help the 
producer to get from the land the greatest possible nett monetary 
return per acre. Tt must, therefore, seek means for raising the 
gross return per acre and, at the same time, of reducing costs of 
production. Tt follows that no experimental result can be finally 
translated into practical advice until’ it has been tested in terms 
of income and expenditure. Such testing mu.st make careful 
allowance for all practical circumstances, e.g., a cultivation may 
be cheap when labour is freely available but expensive to the 
point of impossibility when there is a great pressure of other 
Work. We think that on the question of labour costs, greater 
clearness of thought is in some cases called for. For instance, 
it is claimed from experiments that no deep hoeing is necessary. 
The reply is made that a lalx)ur force must be kept, equal to the 
peak demands of plucking and other work in the rains. Now this 
force must be given a chance to earn a minimum cash wage in 
the cold weather when the total work to be done is relatively 
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little. Consequently deep hoeing is welcome and to argue that 
siiriace hoeing in the cold weather saves money, is to ^ignore the 
practical consideration that a job must be found for the labour. 
To this the counter retort is that labour (and wages) saved from 
cultivations could profitably be diverted to more care in pruning. 
And so the argument could go on. The industry must settle 
questions of this kind for itself and we go so far as to say that in 
some places it suffers from a tendency to rejeil any application 
of experimental results by indulging inconclusively in labour 
requirement arguments of the kind we have reproduced. Setting 
aside, with these provisos, the question of production costs, we 
may begin our survey of the field of research by considering the 
factors wliich control gross monetary output per acre. 

26. Gross monetary output per acre is determined partly 
by yield per acre and partly by price per pound. This latter (at 
any given general price level in world markets) is decided by the 
the quality of the tea. Yield and quality are inter-related. For 
instance, fine plucking, while reducing yield, may raise quality 
and, therefore, price. This inter-dependence must naturally be 
studied in research just as, in commercial practice, estates 
should decide according to their circumstances, the levels of 
yield and quality at which it is appropriate for them to aim. 
Quality is affected both by tea growing and by tea making. ^We 
find it desirable, however, to deal separately with yield and with 
quality in surveying the field of tea research. The present Sec- 
tion (ill) and Section VI are, therefore, respectively devoted to : 
tea growing and tea quality and manufacture. 

The Factors Affecting Yield of Tea, 

27. It may be said, in terms customary in botany, that the 
yield of any crop depends partly on the external factors and 
partly on the internal factors. The external factors are all the 
influences exerted on the crop by nature such as weather and 
type" of soil, and all the influences exerted by man such.as hoe-, 
ing, manuring, pruning, etc. They constitute, in fact, the 
whole environment of the crop. The internal factors which- 
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control yield (and quality also) are the factors or properties of 
the plant itself. They are no less important than the environlnent 
but are much more difficult to tliink about, or describe, or 
measure. We know them only through the effects they produce 
und it is through these effects that vve can most easil3' describe 
them, as a simple illustration will show. Thus, a typical dark 
leaved Manipuri jat differs from a typical light leaved Assam jat 
in several ways. One of these is in leaf colour. We say that the 
Manipuri has a factor causing dark leaf which the Assam lacks. 
Actually, the difference in leaf colour may be caused not by one 
factor but by .several. The two jats differ, of course, in many 
other ways, e.g.^ in hardiness and all these differences arise from 
the presence or absence of certain internal or plant factors. The 
number of factors in which the various jats differ and the effects 
of these factors on the appearance, growth, yield and .so on of the 
bushes, could only be fully found out by elaborate cross breeding 
experiments. It must be presumed that every internal factor 
aflects 3'ield (and quality-) to some extent. For instance, the 
factor for darkness of leaf has some influence on the yielding 
capacity of a Manipuri jat and this influence is absent in an 
A.ssam jat. Theoretically, therefore, the scientist shonld try to 
find out exactly what factors are i)resent in e\ery jat and how 
each influences yield and quality. But we know that for tea, as 
for 'every other crop, such ati undertaking would Ije insuperablj- 
difficult, for the number of factors is unknown, but must be ver^- 
great, while their influences are extremely subtle. In practice, 
therefore the lx)tanical study of yield (and qtiality), i.c., the 
study of the internal factors affecting it, must be restricted to 
such lines as are of obvious practical importance and, at the same 
time, reasonably favourable to scientific enquii'y. There are, 
we believe, two such lines, viz., develoinnental studies and plant 
/breeding. In reaching this conclusion we have naturally consi- 
dered the part plant physiology shonld play in tea research. Our 
view is that physiological investigations, save in the case of 
withering (see paragraph 150) are not at present appropriate 
save where as with certain diseases of tea, the line of advance is 
clearly physiological. 
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Developmental Studies of Tea. 

28. Til an experiment for comparing different kinds of 
manure or different soil cultivations, the interest of the planter 
is to know which manure or which cultivation pays best. But 
the scientist requires to know more than this. He must ascer- 
tain not only which particular treatment is best but exactly why 
it is l>est. This information he can get only from the plant it- 
self. He, therefore, measures the growth or state of develop- 
ment of the plants under each kind of treatment, at regular 
intervals of time. This, he hopes, will show him at which parti- 
cular time and at which stage of growth, every manurial (or 
cultivation) treatment affects the plant and, finally, how each of 
these effects influences the final yield. With this knowledge he 
may be able to suggest ways in which the best treatment can be 
still further improved by being made still more helpful to the 
])laut at the jx^riods of growth which experiments have shown to 
be s])ecially important in relation to yield. This brief account 
ex])lains the nature and the purpose of developmental studies, 
/.c., ])eriodic observations on the growth of the plants in an 
exiK?riiucut. 

29. Tn crop pnxluction research at large, it is now accepted 
that no field cx])eriment, c.g., on manuring, soil cultivation, etc., 
is fiillv satisfactory unless developmental studies are made. We 
consider it should lx* a ])rinciple to include such studies, when- 
e\^er appropriate, in field experiments on tea. Now, to get 
accui ate lesults, the growth of a great number of bushes under 
each exixu'imental treatment must be measured at regular inter- 
^als. This me.ms that some quick method of measuring growth 
must be found. With annual crops such as rice or lx?ans the 
amount of growth can be satisfactorily and rapidly measured by 
counting the number of shoots and measuring their length. No 
Midi simple measurements are possible, however, with tea. 
With bushes in regular plucking, the yield of leaf from each bush 
at every round is itself an index of growth ; and from it the num- 
ber of shoots plucked and their average size can easily be deter- 
mined. But methods are needed for more accurately measuring 
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the growth of the tea bush and for use in the various conditions 
of the bush. Those growth characteristics which influence 
plucking, e.g., relative size of bud to first leaf, etc., are of mani- 
fest importance here. The building up of such methods should 
we think, be part of the programme of botanical work. 

Plant Breading. 

30. We have sugge.sted plant breeding as the second line 
of botanical work, i.e., work on the internal factors of the tea 
plant. Our enquiries have led ns to believe that in the whole 
field open to tea research, plant breeding is one of the two 
supremely important lines of enquiry, the study of tea quality 
being the other. Tt must be made clear, however, that tea is in 
some ways a peculiarly difficult subject for plant breeding. Thus 
before proposals for work are made, the relevant circumstances 
must be carefully considered. Two facts arc outstanding. 
First that every commercial jat is obviously a mixture of several 
different types of bu.sh; next that, as various experiments have 
shown, the tea bush can be vegetatively propagated. These two 
facts must now be closely examined in relation to the methods 
generally employed in plant breeding. 

Tea fats. 

t- 

31. Mo.sf of the tea in North-Fa.st India belongs to one or 
other of the clas.ses known as dark leaved (or Manipuri), light 
leaved (or indigenous Assam) Burma, China, Hybrid and 
Ln-shai. The first two are the mo.st important ; the third is still 
sometimes planted ; the last three occur in gardens btit seeds are 
not in supply, for thev are not now planted. The acreage and 
the exact geographical distribution of these classes of tea have 
never been found out. Their general suitability for the main 
tea areas, however, are matters of fairly good, general agreement 
Within each class are several jafs. As a rule a jat bears the name 
of the garden on which it is grown but a good deal of “once 
removed .seed is used. There are virtually no experimental 
results to show the value and suitability of the various fats for 
different areas and jats are selected on the basis of their general 
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reputation. Our many enquiries have led us to believe that the 
plaliting community has to rely far more on general, and by no 
means precise, beliefs, in the matter of jats, than on anything 
else. We consider the situation is unsatisfactory and especially 
in relation to the great general importance of the problem of re- 
planting which we mention m Section TI. Speaking generally 
the first step in any plant breeding programme is to ensure that 
the best use is being made of existing varieties while new varie- 
ties are being produced. This involves the identification and 
classification of all existing varieties, for tea, all existing 
jats, the elimination of any synonvmous names, (i.c., two or 
more names for the same variety) and comparative trials of yield 
and quality In different areas. Tt is not necessary, of course, to 
test eveiw variety in every district : the trial in any district 
should include only the varieties which may be expected from 
preliminary enquiry and general experience to be of practical 
interest there. 

Comparative Tests of Tea Jats, 

32. The steps outlined above offer exceptional difficulty 
in the ca.se of ten. Here, as in mo.st proposals for experiments 
on tea, quality is the crux of the matter. The amount of leaf 
from plot experiments is too small for manufacture on the^ ordi- 
nary e.state; to get enough leaf of each variety for commercial 
manufacture would necessitate having excessively large plots; 
<ind even if such plots could be provided, the control and con- 
stancy of working of a commercial factorv are probably not such 
as comparative te.sts of the quality of different jats require. Tt 
is therefore evident that the trial of fats for yield and quality in 
a number of different di.stricts cannot be fully undertaken until 
means are found for testing quality in small-scale experiments. 
We have concluded, however, that comparative fat trial plots 
should, neverthele.ss, be .started in the main tea di.stricts of 
North-Rast India. They should be, we suggest, in the charge 
of the resident Advisory Officers who.se appointment we propose 
in Section VTIT. vSuch plots would show the relati\'e yielding 
capacity of the several jats tried in each district as well as their 



( « ) 


behaviour in drought, their susceptibility to disease and their 
general rei^ponse to local conditions. They could also be utilised 
by specialist members of the Scientific Department for certain 
of their investigations. And further, they would be of the great- 
est value in connection with the work of single plant selection 
which in a later passage, we propose. Certain preliminary 
enquiries would be necessary in connection with the laying down 
of these jat trial plots, especially into the identity, general repu- 
tation, and geographical distribution of the various jats of com- 
merce. The plots, we suggest, could l)e accommodated on suit- 
able estates. Tn surveying the identities and reputations of all 
known jats, the Scientific Department would become acquainted 
with the seed supph^ situation in North-Rast India. We are 
convinced, from our evidence, that this situation should be criti- 
cally studied. The object of study should l'>e to decide whether 
the existing system of seed supply needs to be improved and if 
so, by what means. 

33. Tn paragraph 27, for simplicity, we spoke of jats as if 
they were pure or uniform strains, c.g., as if every bush belong- 
ing to the same jat were identical in all characters. It is well- 
known, of course, that in any block of tea, of any jat, great 
differences can be seen between one bush and another. There is, 
however, virtuallv no exact knowledge of the number of different 
types of bush to he found in any jat, of the proportions in which 
the different types occur, or of the characteristics of each type. 
It is a matter of common belief that some bushes are much lx?tter 
yielders than others and recent experiments in Ja^’a support this 
belief. How widely one type of bush may differ in quality from 
' other types in the same jat there is, at present, nothing to show. 
The situation, therefore, is that on every garden the yield and 
quality of the tea are, in the case of each separate jat, dependent 
on an unknown mixture of different types of bush. Now it is true 
that in some cases, for certain crops, a mixture of tvjx^s is pre- 
ferable to perfect uniformity. But the idea naturally arises that 
it might be possible to select the few best bushes or even the best 
single bush from a jat and, by propagating it, to get a uniform 
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new strain much superior in yield and quality to the original, 
mix:ed jat. The success of selection work with rubber and cin- 
chona and the preliminary experiments on tea in Java already 
referred to, lend support to this idea. Before going further into 
the possibilities of such selection work on tea, however, it is 
necessary to consider the two methods by which tea can be propa- 
gated. These are by seed and by vegetative means and they 
have a close bearing on selection. 

Seed Production and fat Impurity. 

34, Tea is a naturally cross-pollinating plant. That is to 
say, most of the pollen which fertilises any flower, enabling it to 
form seed, comes not from that flower itself nor from some other 
flower on the same bush, but from a different bush. Although 
scientific evidence on this point is limited it seems probable that 
tea is very highly self-sterile. This means that a single tea bush 
if grown in complete isolation from other bushes could not use its 
own pollen to more than a very limited extent and would, there- 
fore, l)e practically barren of seed.. Many interesting matters 
arise from tins high degree of self-sterility but it is only neces- 
sary to consider here those directl}'^ affecting breeding possibi- 
lities. These are : — 

(a). Every tea plant raised from a seed is a hybrid. 

{b). If a block of seed plants is not isolated from other 
bushes, its progeny will be more mixed in type 
than itself. 

(c) . If a small block of seed plants is isolated from 

other bushes, so that the plants in the block can 
inter-change pollen only with one another, their 
progeny will nevertheless probably be more 
mixed in type than they themselves are. 

(d) . By protracted experiment it might be possible to 

find self fertile types, i.e., in which single plants 
could fertilise themselves. Experience with 
other crops suggests, however, that these might 
be very deficient in vigour. 
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(e). The only practicable method of getting seed and 
yet preserving a high uniformity of type ^ith 
highly self sterile plants is, therefore, by ‘‘mass 
selection’’. This consists of picking but a small 
number of plants, all very closely alike, and all 
good for yield and in other characteristics. 
These plants are then grown in isolation from all 
others. They fertilise one another and the seed 
so produced gives a larger block of plants which 
are again grown in isolation. This process is 
continued until there is enough seed for com- 
mercial use or sale. It has to be repeated at 
suitable intervals of time. The fewer the plants 
taken in the first instance the greater the uni- 
formity attained but the longer the time taken 
to raise any desired quantity of seed. Since the 
tea bush does not seed freely until about its 
tenth year, it is obvious that such a succession 
of selections would be out of the question for 
large-scale seed raising and of only limited 
application for experimental purposes. 

Vegetative Propagation of Tea, 

'35. The alternative to propagation by seed is vegetative 
propagation. By this means there can be raised from a single 
plant any number of progeny plants all of which will be abso- 
lutely alike in all respects. Two different methods are used. In 
the first, shoots from the parent bush are made to root them- 
selves, a variety of ways being employed for different types of 
plant. In the second method a bud (or a shoot) from the parent 
plant is budded (or grafted) on to another plant (the stock) which 
is usually first cut down almost to ground level. The second 
method does not give the complete uniformity of progeny plants 
which the first ensures unless all the “stock” plantf are them- 
selves absolutely alike. In tea the stock plants would not, of 
course, be all alike. But from experiments so far made it seems 
probable that, as with rubber, this might not be a serious objec- 
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tioil in comparison with the advantages to be derived from selec- 
tion. Further, experiments in Java show that separate measures 
can be taken to get a supply of fairly uniform seedling tea bushes 
for stocks. 

36. In botanical language, all the plants derived from one 
single plant by vegetative propagation, are referred to collec- 
tively as a '‘clone”. All plants of a clone are, as explained 
above, absolutely alike and an unlimited number of new bushes 
of the same clone can be produced by taking buds or shoots from 
the existing bushes and vegetatively propagating them. 

37. Of the two methods of vegetative propagation we find 
it impossible to make choice. Each has merits and defects 
which may vary with the climate of the country concerned. We 
consider it essential that both should be further studied with 
great care since upon vegetative propagation must rest the hope 
of improving tea by plant breeding. One of the problems to take 
up ultimately is the effect of the stock' on a budded plant. We 
think it desirable, however, to outline here a breeding procedure 
which is being provisionally developed in Java. The general idea 
is as follows : — 

(a). To pick by prolonged observation a large number 
of individual bushes which appear to be. out- 
standing in yield, vigour, and other desirable 
characters. Great numbers of gardens are visited . 
for this purpose. The risk of picking a bush of 
poor type which happens to be growing on a very 
rich patch of soil is naturally realised. 

{b). To create, by budding, a clone of about twenty 
bushes from each of these selected single bushes. 
The yielding capacities of these clones are care- 
fully studied by weekly pluckings and the best 
few clones, for yield, are thus picked out. 

{c\. To increase the size of these selected clones by 
further budding so as to get enough material for 
accurate yield trials, From the results of these 
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trials a small number of the best clones is again 
selected. At this stage the very striking differ- 
ences between one clone and another, in yield 
just as much as in appearance, and the extra- 
ordinary uniformity of the bushes constituting 
a single clone, are most impressive features of 
the work in Java. 

(<i). To multiply vegetatively the clones finally picked 
in the preceding stage so as to get enough mate- 
rial for accurate yield trials in several districts. 
These trials make it possible to select, let us say, 
two outstanding and similar clones in each res- 
pective district. 

(c). To grow each pair of clones, so selected, in isola- 
tion so that they may interpollinate and thus 
give large stocks of seed for commercial use. 
Planting of seed from clones promises, in recent 
rubber investigations, to be a thoroughly practi- 
cable and valuable method. 

An alternative possibility would be to omit the seed raising 
described in [e) and at some earlier stage to bud direct on to cut 
back bushes. In time, a commercial estate might thus be con- 
verted to one or more pure clones. Budding can now be done 
with such rapidity as to make this possibility worthy of attention. 

38. The weakness of the above procedure, as workers in 
Java explain, is that, no small-scale tests for quality being 
known, clones have to be selected for yield, hardiness, etc., only. 
•We revert to this point in paragraph 47 below. 

Plant Breeding Possibilities, 

39. Having now considered the characteristics of the tea 
plant which affect breeding, we turn to discuss the extent to 
which it is likely to be possible to employ with this crop, the 
various general methods now customary in plant breeding. There 
are four of these: introduction; mass selection; single plant 
sglectionj and hybridising. 
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The Metho(J of Inlro Auction. 

40. Tins method consists, for any crop, of introducinp: and 
testing, ill the country concerned, ns many varieties as possible 
from other countries. An introduced variety may prove to be 
sufificientlv good to take into general cultivation at once. More 
frequently, however, introduced varieties ha^'e proved valuable 
not for general use but because some special feature, and iiotablv 
disease resistance, makes them important for breeding by hybrid- 
isation. For North-Fast India, the introduction of teas from 
other areas is likelv to hold no promise save in one respect. Avail- 
able evidence suggests that the wild or semi-wild teas of Assam 
and adjoining territories have not vet been exhaustivelv studied. 
We consider thev should be examined with the object of finding 
tvpes possessing features, csneciallv disease resistance, not pre- 
sent in anv of the cultivated teas. This undertaking should be 
part of the general tea selection proposed in paragraphs 42 — 46. 

The Method of Mass 'Selection. 

4T. Mass selection has Ix^en described in paragraph 34 (c)'. 
Its basal principle of using as seed bearers onlv plants of special 
merit is, nominallv, of course, inherent in the existing proce- 
dure for raising commercial stocks of tea seed. We have already 
recorded in paragraph our opinion that a critical survey should 
lie made of the seed supply situation in North-Fast India*. In 
Jaya a special form mass selection is being developed. The best 
available seed is closely planted in nursery beds and then, by sue- ‘ 
cessive weeding out, all but the twenty per cent most vigorous 
plants are removed. These are then planted out in the ordinary 
wav. The experience is that not only do plants so selected grow 
into very vigorous bushes but also that the bushes are more uni- 
form than those planted out from the nursery without selection. 
It is proposed to employ this method for raising more uniform 
stocks for budding. This form of mass selection appears to us 
to deserve consideration in North-East India. 

rhe Method of Sinf^le Plant Selection, 

42. The first step in plant breeding is to ensure that the 
best use is being made of existing varieties. To that end we 
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have in paragraph 31 recommended that comparative trials of fea 
jats be made. The next step, if existing varieties are found to 
be mixtures of different types, is to select promising single 
plants, propagate them into populations or bulks large enough 
for testing, and then to carry on the best for commercial use. 
This method of selecting single plants is, of course, more refined 
and necessarily slower, than the mass selection already des- 
cribed. Now the greater the impurity or variability of a com- 
mercial variety, i,e., the more different types of plant it contains, 
the greater the possibilities awaiting single plant selection. Tea, 
in which every jat displays great differences between one bush and 
another, seems certain, therefore, to yield important results. 

43 - Every garden in North-East India is potentially a 
source of specially valuable tea-types or selections. If is thus 
clearly desirable that the search for types should be as wide and 
exhaustive as possible. Some jats, no doubt, will prove more 
valuable sources than others and in this matter the comparative 
Jat trials recommended in paragraph 31 will be a guide. The 
procedure of testing and propagating selected single plants is 
familiar to all plant breeders. Some of its special features, for 
tea, are considered in paragraphs 34 and 35. We think it neces- 
sary to call attention to two others, viz., the classification of tea 
type's or selections and their permanent preservation. 

44. To handle and judge many thousands of selected single 
plants from many different sources, the plant breeder musf 
group them info classes. His ultimate interest is only in yield, 
quality, and other practical features, but any characteristics, 
e.sf., shape of the tip of the leaf, which helps him to perceive 
differences in bush type, is important. He musf, in short, 
construcf a complete botanical classification of all the types he is 
able to find. Advances in the study of the physiology of wither- 
ing and of the chemistry of tea leaf will, it is hoped, enable him 
in time to include some quality characteristics in his classifica- 
tion and possibly also to correlate some botanical characteristics 
with quality. We consider it a point of much importance to 
evolve if possible, a botanical classification which can be em* 
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ployed by tea research workers in North-Kast Tndia, South 
India. Ceylon and the Netherlands Indies. The use of a coinnion 
classification would promote conjoint work and increase the 
general value of research carried out in any one country. For 
the first vstages of classification a simple basis should be adopted, 
using plant characters which are easy to judge. Refinements 
can come later. The study of tea classification bears on the 
evolving of methods for developmental study (see paragraph 28). 
A preliminary examination of the chromosomes should be made 
when the main tea types have been classified. To spare the 
Botanical Branch the labour of this, arrangements could be made 
for it to be done at home on preserved material. 

45. In single plant selection, types are often found which, 
of no immediate commercial value, or of apparently only the 
second order of promise, may yet be wanted later. These are 
usually preserved in a museum collection. It is desirable to 
make this collection as complete as possible for purposes of refer- 
ence. For instance, after ^ the finst search for promising single 
bushes, attention will from time to time be called to yet other 
outstanding bushes — possibly by planters. These may be of 
types already examined and discarded or they may be entirely 
new to the selectionist. With his classification and his living 
museum he Is able to settle questions of this kind. If any wild 
or semi-wild teas of interest are found (see paragraph 40) they 
should be included in the museum. Budding (or some other form 
of vegetative propagation) would, of course, be used in transfer- 
ing a selection to the museum. 

46. North-East India’s position, in the matter of selection, 
is unique. The other cognate tea areas have drawn on it for 
seed and it could, therefore, build up a richer collection of teas, 
by single plant selection, than any other country. If conjoint 
action in research is effected, North-East India could make a 
great contribution by establishing the kind of type museum and 
classification which have been described. To give tlie museum 
its greatest potential value while limiting its size and mainten- 
ance will need careful planning. 
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47. It is obvious that single plant selection, however great 
its potentialities, can bear no practical fruit until means are found 
for testing quality with small amounts of leaf. The policy of 
extreme caution would be to defer selection until small scale 
quality testing had been perfected. Having regard to the scope 
for selection, to its inevitable slowness and to the impressive pre- 
liminary work already done in Java, we do not recommend 
extreme caution. In our view both quality tests and selection 
should without delay be made primary features of the Scientific 
Department’s research programme. 

The Method of Hylrndising. 

48. It is a principle to exploit all other methods of breed- 
ing before taking up the more elaborate but more potent method 
of hybridising or cross breeding. With self-sterile plants, it can 
only be used in some modified form. The special modification 
for tea would clearly be to combine it with vegetative propagation. 
By crossing two single plants, one good for yield and quality, 
the other, say, poor in general but resistant to some serious dis- 
ease, it might be possible to get a hybrid plant combining the 
merits of both parents. This would not breed true from seed 
but could be propagated to any desired extent by vegetative 
means. We do not discuss the manv difficult questions which 
hybridising in tea would bring up, for it is clear that until selec- 
tion has been actively pursued this more complicated method 
need receive no attention. 

'Root Studies. 

49. The study of tea morphology, i.e., the structure of 
the parts of the tea bush, has been recommended in connection 
with both developmental studies (paragraph 28) and tea classifi- 
cation (paragraph 44). No part seems more evidently of practi- 
cal interest than the root and yet, as most painstaking work on 
several other plants shows, none is more difficult to study. Cheap 
labour, skilled in handling the soil is, however, a substantial 
asset, for root investigations consist largely at first of excavatirig 
the roots of fully grown plants. With tea, several circum- 
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stances point to the immediate importance of root study and 
among them are : the allegation, and the denial, that (Jeep culti- 
vatjon injures the root; that it thereb}^ induces root disease ; the 
great difference in height of water-table between the rains and 
the driest period of the year; the prevalence of drought in many 
areas; the possibility that hardness of subsoil often hinders root 
penetration. Our conclusion is that root investigations should 
be commenced as soon as possible (see paragraph 103). Their 
form should be decided after consultation with workers in Euroi^e 
who have si)ecialised knowledge. Comparative root development 
in different jats and on different soil types would be valuable 
complements to other branches of work recommended in this 
Report. 

The External Factors of Yield, 

50. In the opening passages of paragraph 27 the meaning 
of internal or plant factors and of external or environment fac- 
tors was explained. The lines of research on internal factors 
having been discussed in paragraphs 27 to 49 we turn now to the 
external factors. These may be grouped under four headings 
according as they are associated with climate, soil, (including 
manuring), disease, and cultivation (including pruning and 
plucking). The held of research which opens under these res- 
pective headings we now proceed to discuss. It will be recalled 
from paragraphs 28 and 29 that in our view developmental studies 
should, so far as possible, be carried out in all experiments on 
external factors of yield,^ 

Climatic Factors, 

51. Climatic factors include total rainfall, its distribution 
throughout the year, altitude, and temperature. These are un- 
controllable but their study in relation to the growth of the tea 
bush might be undertaken with three purposes in mind. First, 
if yield and quality could be correlated with climatic factors, 
forecasts of yield and quality might be made. Next, such studies 
might help in the adaptation of local practice to local climate. 
Finally, they might help to determine the limits, especially of 
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quality, above which any particular set of climate conditions 
make it impossible to go. Our conclusion is, however, that 
studies of this kind for tea in North-Bast India would not be 
repaid by the great effoii they would require. 

Shadetrees. 

52. Since, if we may take the name to imply the purpose, 
shadetrees represent one of the few ways of controlling climate, 
they may appropriately be considered here. Our enquiries con- 
vince us that the functions of shadetrees in the various districts 
are matters of individual opinion which shows great variation. 
There is no less division of opinion as to the actual benefits from 
shadetrees. Moreover, we have been much struck by finding in 
many places the shadetrees so few and so irregularly scattered 
as to result in neither shade nor absence of shade as a whole. 
More certain knowledge concerning shade is clearly necessary 
but the matter is of great complexity. Shade theoretically affects 
the soil in respect of temperature, loss of water, addition of 
organic matter from fallen leaves, breaking up effect on sub-soil, 
and in other ways. It affects the tea bush by reducing the inten- 
sity of light on the leaves and so inffuencing loss of water from 
the leaves and other functions. Upon all these questions, how- 
ever ^ there is no certain information whatsoever and how shade 
in its various degrees and forms affects, and theoretically should 
affect, yield and quality, are completely in doubt. There are 
also questions as to the best species of shadetrees, their liability 
to diseases which may also affect the roots of tea bushes, the 
length of their life and the expense of removing dead or fallen 
trees. Extremely large-scale experiments would be necessary in 
connection with shade and we think that before any further 
experimentation is attempted, a critical survey of the existing 
facts and beliefs concerning this matter should be made all over 
the tea districts. Work of this kind could be well done by the 
proposed Advisory Officers. It must be remembered that shade 
effects will never be clearly expressible in the form of monetary 
cost and return which is possible in the case, of manuring. 
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Soil^Factors and Manuring. 

53 . We have considered with care whether a full soil survey 
of the tea areas should be made. Our conclusion is that this is 
not required and that the partial surveys already done by the 
Scientific Department are sufficient. Our reasons are that soil 
surveys would be of no value for tea unless accompanied by 
numerous local field experiments (which have not yet been 
made). Further, manurial experiments and cognate work up to 
date suggest that nitrogen alone of the manurial elements pro- 
duces effects of practical importance and that detailed soil 
analyses are unlikely to be necessary, save in the rare cases of 
alkaline patches, etc. We are constrained to remark that many 
estates still fail to realise that in normal cases soil analysis 
alone affords very little guidance indeed to manurial require- 
ments. The Advisory Officers, if appointed, will no doubt in 
time make soil type surveys for their own purposes. 

54* 111 ^ f^w special areas, for example Bhil soils and areas 

of very low productivity, special soil studies may be necessary 
but it would clearly be undesirable to devote much time to these 
exceptional cases. Soil acidity presents still some unsolved 
problems, e.g., the upper limit of soil acidity for tea. We think, 
however, that these deserve little attention because of the claims 
of other matters. 

Drainage. 

55 . Unfortunately we have not been able to inspect the tea 
districts in the rains. We have, however, discussed drainage 
and inspected draining work in many places. We think that the 
principles of drainage, as generally understood in agriculture, 
are a sufficient guide for tea estates if properly applied both in 
respect of surface water and the water table. There is evident a 
strong tendency to be bound by custom in draining and it seems 
probable that in many cases unnecessary drains are cut. This 
apart from wasting labour undoubtedly causes some drying out 
of the soil. Further, it is not always fully realised that to put 
drains in wet places is not necessarily right. Drains which 
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fake the water which would otherwise create wet places are^ fre- 
quently the real requirement. Very interesting research could 
be done on the depth and distance apart of drains but it would 
involve large areas and, moreover, to place a value upon the 
results of draining is notoriously difficult. We suggest that the 
Advisory Officers, if appointed, be encouraged by the Depart- 
ment to take a special interest in draining and then to make 
close observations on the drainage situation in their own areas. 

Soil Erosion, 

56. Soil erosion is apparent in certain situations, e.g.^ 
tilah land, but the remedies are well-known and it may be left 
to Advisory Officers, if appointed, to advise as to their applica- 
tion, if requested. 

Manuring. 

57. Manuring is a matter of great immediate importance 
In relation to both yield and quality and it opens up, also, the 
more distant and grave question of soil deterioration by which 
some minds are troubled. Our evidence has not led us to fear 
general soil deterioration in the tea districts in spite of cases 
reported to us of the impossibility of replanting with tea, areas 
which have carried the crop for sixty or seventy years. Of very 
successful replanting we have had much first-hand evidence. 
Planting circles and to a greater degree the tea interests in 
London, are apprehensive of soil deterioration from the use, of 
inorganic manures, from which practice they also expect that 
loss of quality and of the health of the bushes may result. 

Organic Matter in Soils, 

58. This burning question must be thoroughly investi- 
gated. One interesting fact is that the weight of primings and 
weeds put back into the soil exceeds what is removed by pluck- 
ing. This does not, however, prove that the organic matter con- 
tent of the soil can be disregarded but it should not be overlooked 
by those who without experimental proof have insisted on the 
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superlative need for constant additions of organic matter to tea 
soilS. These assume that it is an easy matter to maintain a high 
organic content of the soil, forgetting the difference between 
adding organic matter and increasing the permanent organic 
matter content. In our view the first need is direct experimental 
test to see whether organic matter other than primings need be 
added to tea soils; for what specific reasons such addition is neces- 
sary ; and what purjxises such added organic matter serves in the 
soil which inorganic manures cannot serve. Such tests are 
extremely difficult to design because there seems no clear way 
of separating by experiment the manurial from the other effects 
of organic matter. It goes without saying that cost and mone- 
tary value of returns must be closely watched in all studies of 
organic soil matter. The best and cheapest way of supplying 
organic matter, if additions other than primings prove to be 
necessary, opens up a further chain of questions. Coniiwsts 
must obviously be tried including those made without the use of 
animal excreta, i.e., using inorganic nitrogen. A number of 
estates, some of which we visited, are making composts on a 
fairly large scale, and the opportunity should be taken to find out 
with their help the costs involved. Determination of cost in a 
matter of this kind is well-known to be full of pit-falls. If it 
should be proved that additional organic matter is essential for 
tea soils, then at some later date questions like the possible’mak- 
ing of cattle manure, using rice straw, etc., with the excrement 
might have to be considered. 

Soil Nitrogen, 

59* What has been said in paragraph 5 S shows how inter- 
esting a field is presented for the study of soil nitrogen in tea 
land. This subject is, of course, interesting in all countries, but 
especially perhaps in the tropics, and one of its cardinal features 
IS bacterial action. Considering the great difficulties which even 
the most specialised laboratories are encountering in studies of 
soil nitrogen and soil bacteria and the numerous cases in which 
relatively small scientific laboratories have failed to make head- 
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way with this subject through insufficiency of staff, we conclude 
that the Scientific Department would not be wise to carry’ on 
investigation in this matter. 

Inorganic Fertilisers. 

6o. Apart from the question of inorganic versus organic 
fertilisers already dealt with, there are the customary questions 
of the influence of nitrogen, phosphorous, and potash on yield 
and quality. These are of high importance and are, moreover, 
the subject of violent prejudice in the minds of some planters, 
brokers, and Agency Houses. We therefore suggest that they 
should receive concentrated attention in experiment. The line 
of action is clearly to extend the essential experiments into as 
many tea areas as possible rather than to pursue refinements in 
one place. There are cases where valuable information on 
manuring has been gained from simple plots, often unduplicated, 
which have been maintained for a considerable number of years. 
We think that certain of the Borbhetta plots, though not laid out 
on modern lines, should be carried on for this reason. The ques- 
tion of recovery rates of fertilisers has interested us. It involves 
the ratio between the amount of fertilisers applied to the soil and 
the amount of the different manurial elements recovered from the 
busKes in the form of pluckings and primings, and permanent 
wood. Facts given to us by the Chemical Branch convince us, 
however, that the matter though interesting does not call for 
experimental study in North-East India. It is quite possible 
that many cultivation and other eifects will show fairly strong 
inter-actions with manuring. That is to say, for example, the 
relative effect of one kind of pruning compared with another 
might be different under different manurial treatments. This 
general possibility — which is familiar in all crop work — suggests 
the desirability of a policy of relatively few but complex experi- 
ments by means of which such inter-actions could be tested. This 
possibility should be borne in mind but it does not, we think, call 
for further comment here* 
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Disease. 

6 1. We consider under this heading the injury to tea 
bushes from fungi, also from insects and other small organisms. 
Before discussing the fields of research concerned we must deal 
with questions frequently asked or implied in connection with 
many crops, including tea. When a serious pest or fungus has 
been prevalent for several 3^ears, crop producers clamour for a 
mycologist or an entomologist. It often happens that after a 
time the parasite, for unknown reasons, diminishes greatly in 
seriousness. The tendency is then to ask whether it is worth 
while to have, let us say, an entomologist, when no insect is for 
the time harming the crops. Or the pest may continue its 
ravages and the entomologist his researches, for many years, 
without the industry being provided with an effective control. 
It is then bluntly asked, as we know from our experiences in tea, 
whether it is worth while to keep an entomologist if they cannot 
provide remedies. Now we feel that the tea industry must think 
out its answers to questions of this kind and adopt in regard to 
disease research a stable policy. Intermittent research, with 
breaks of several years, is certainly of no use and if a Mycological 
or an Kntomological Branch is to be included in the Scientific 
Department it must be as permanent as any other Branch, 

62. We asked many official witnesses and individualplan- 
ters whether they desired the continuation of mycology and 
entomology in the Scientific Department. As a whole their 
replies were very strongly in favour of both. Our own view is 
that the economics and the facts as to disease in tea, make it a 
wise and not very costly insurance to support research on both 
insects and fungi. In saying this we have given very careful 
attention to the achievements of these branches of science with 
crops in general and we realise that in many cases prolonged 
study has failed to produce effective remedies. By maintaining 
a Mycological and an Entomological Branch the tea industry 
makes sure of nothing but earnest investigation. By not main- 
taining them it saves some money but runs certain risks. To * 
estimate these risks is virtually impossible. Tea has an unusual 
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freedom from pests and diseases, compared with most of the 
world *s important crops. But the actual damage to tea from 
parasites is not to be ignored and there can be no guarantee it 
will not increase. We suggest one other consideration. The 
results of the experimental work done by any scientific branch 
are by no means the measure of the knowledge it places at the dis- 
posal of the industry. In any subject — let us say entomology — 
active research is being carried on in j^ractically all the countries 
of the world and on a vast number of crops. A discovery con- 
cerning a pest of the oil palm in the Belgium Congo might pro- 
vide a new general principle which could be applied to tea. But 
unless the tea industry had its own entomologists it might even 
remain lutaware of such a pertinent discovery and would have 
no one with the special knowledge to apply it to tea. We now 
deal in turn with the field of research in mycology and entomo- 
logy. 

Mycology : Fungus Diseases. 

63. Only by a very thorough survey of the tea bushes all 
Over North-East India, with visits in all the seasons of the year, 
would it be possible to get the information on which to base final 
decisions as to the field of research in mycology. From the 
evidence available to us, including planters’ views and the sub- 
stantial information collected by the Mycological Branch, there 
appear to be two fairly clearly defined types of disease requiring 
attention, viz. : — 

(а) . Those which occur epidemically and can be 

attacked by direct means. Examples are black 
rot {Corticiuni invisum), and blister blight 
(Exobasidium vexans) for which spraying is 
effective ; other examples are such root diseases 
as UstuUna zonata and Fotnes lamaoensis which 
can be dealt with by properly arranged digging 
out of bushes. 

(б) _. Those which are endemic, being found freely on 

oiost tea gardens and under most conditions and 
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which cannot be directly attacked with much 
success. The important members of this group 
are those associated with the primary stages of 
decay of the main branches of the bush. These 
apparently enter at pruning cuts and accidental 
breaks and lead to the destruction of the whole 
bush. Although no adequate data are available 
it seems certain that fungi of this class do far 
more damage to tea than do those of class (a) 
and possibly ninety per cent of infillings are re- 
quired because of their action. They are not 
obligate parasites and it is supposed that the 
true, initial cause of trouble, is the physiologi- 
cally unsound condition of the bush. 

Tlie field of research may now be considered for each of 
tliese groups of disease. 

64. With the diseases of class (a), improvement of the 
methods of direct attack is obviously the policy. Methods must 
naturally be finally judged on a monetary basis, the cost of treat- 
ment being compared, as closely as possible, with the value of the 
increase in crop. It must be considered as a part of the field of 
research to develop spraying and other methods so as to make 
them as easy as possible for planters to apply; and furth^ to 
take steps to check what planters actually do in order that they 
may neither waste their money nor, as we submit they have 
sometimes done, condemn a method which they have imperfectly 
applied. Modern spraying technique, e.g., in fruit growing, is 
highly developed and every detail of it should be studied in rela- 
tion to tea. 

65. The field of research for diseases of class (h) para- 
graph 63 is far wider and more difficult. Certain forms of direct 
attack are possible but they are no more than palliatives. It is 
evident that no substantial progress will be made without great 
advances in knowledge. The entry into the wood , and the 
damaging activities there of fungi of this class are not likely to 
be understood unless the physiological state of the bush is related 
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to the growth requirements of the several fungi. An under- 
standing of this difficult matter must be coupled with a know- 
ledge of the factors, including soil, pruning, plucking, etc., 
which control the physiological state of the bush. A grasp of all 
these matters might be expected to make it possible to devise 
successful treatments. 

66. In connection with the relation between physiology 
of the bu§h and incidence of disease, it has become customary 
with some to say that the surest way of dealing with diseases 
(and pests) is to keep plants healthy. We do not presume to 
discuss this much repeated idea but we suggest that it has misled 
many readers of tea literature and is too general to afford useful 
guidance as to the field of rCvSearch in tea mycology and entomo- 

logy- 

. 67. The full scientific knowledge we speak of in para- 
graph 65 could only be obtained by elaborate, highly specialised 
studies in plant physiology. We feel that in present circum- 
stances these must be ruled out of the field of mycological 
research in North-East India. Every tea area, however, needs 
physiological knowledge in relation to disease, ijnd our sugges- 
tion is that endeavours be made to provide adequately in one 
area for this branch of enquiry in the interests of all (cf. Sec- 
tion 'XI). Excluding as impossible a fundamental physiolo- 
gical attack, it becomes necessary to seek for simple methods, if 
such be possible, by which the physiological state of a tea bush 
can be judged. Using these, it would be possible to find out the 
effect of manuring, cultivation, and other treatments on the phy- 
siological state of the bush and similarly to find out its relation- 
ship to attack by various fungi. In this way theoretically, 
manurial and other treatments could be discovered by which the 
bush could be kept in a state unfavourable to fungus attack. 
This, very briefly and crudely, -is the idea behind a study of the 
problem by “field physiological’* methods. We do not presume 
to condeipn the idea but are doubtful about the results likely to 
ensue from it. A great deal depends on the trustworthiness of 
quick, approximate, physiological methods and we feel that the 
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form of mycological enquiry we have been discussing should not 
be prosecuted until expert physiological opinion has approved 
the physiological methods it is proposed to employ. That the 
physiological condition of a plant (or animal) may be considered 
to result from, rather than to induce attack by, a disease, is a 
familiar comment which cannot be ignored. 

68. Much may be learned, and much that it is indis- 
pensable to know, by \'ery thorough observation in all types of 
soil, climatic, manurial and other conditions, on commercial 
.^states. This observation should be made with the purpose of 
trying to draw general, tentative inferences as to the relation 
between jat, environment and disease, as a guide to enquiry by 
specific experimentation. 

69. vSonie tea fungi occur on other plants beside tea, 
including shadetrees and the relation of .shade-trees to disease 
is clearly a matter for enquiry. It occasions anxiety in planting 
circles. 

Entomology : Insect Pests, 

70. In all our discussion and visits to gardens, as well as 
in other ways, we took particular care to get an idea of the extent 
of insect pest damage. Taking North-East India as a whole 
there is undoubtedly great concern about red spider and mos- 
quito blight; and uneasiness about white ants. Although spray- 
ing has been much used against red spider, we heard many alle- 
gations of its uselessness. Failure had undoubtedly in some 
cases been caused by wrong procedure and in others by reducing 
the officially advised sprayings in order to save money. The 
facts concerning mosquito blight, its prevalence, the harm it 
does and the scientific investigations formerly made on it at 
Tocklai, are sufficiently well-known to render restatement un- 
necessary here. In the case of white ants, uneasiness is based, 
it is stated, on misapprehension. There is a form of white ant 
which in certain circumstances attacks healthy tea wood. 
Generally, however, the white ant comes in as a scavenger on 
wood already in decay from other causes. There are, of coursei 
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many otljer pests of the tea bush in North-East India. Some 
of these have, in relatively small areas, done considerable dam- 
age for a short time. Repetitions of such sporadic trouble are 
certain to occur. 

71. We have weighed most carefully the considerations as 
to the resumption of research in entomology, including cost. Our 
recommendation is that this Branch be restored by the appoint- 
ment of a very carefully chosen European Officer. His work 
should be both advisory and research. The field of research 
should be : first to perfect spraying for red spider; next to resolve 
and explain in the areas concerned, any doubts as to white ant 
damage; next to resume the study of mosquito blight. In prac- 
tice the three pests would no doubt come under study at the same 
time but it would be wise to try to score a practical success with 
the simpler cases first. 

72. Investigations on mosquito blight should be most care- 
fully planned. All past work should be critically re-examined 
and its results made use of as far as possible. A thorough sur- 
vey of the problem on estates in every tea district should be 
made before adopting a programme of research. Useful guid- 
ance as to this survey could be furnished by the experiences of 
the Mycological Branch upon disease incidence in relation to 
environmental factors. We feel that the resumption of entomo- 
logical work will only be justified in the hands of a highly quali- 
fied entomologist who by training and instinct is prepared to 
keep his studies always directed to the industry’s major pro- 
blems. 

Cultivation, 

73. We have, for convenience, included under the general 
heading of cultivation not only hoeing and other work on the soil 
but also pruning, plucking, nursery work and similar matters. 
All these things have great ramifications and yet in a way are 
less important than others, such as manuring, because in res- 
pect of them, accumulated planting experience has led to more 
precise ideas. Nevertheless there is still much strong prejudice 



t 4J ) 

and lack of understanding and we have been surprised to be 
giveif in a number of cases as a reason for the cultivation (or 
manuring) policy adopted, the fact that “so much per acre is 
allowed for this”. We concern ourselves only with what appear 
to us to be the main issues. 

Spacing. 

74. Upon this always interesting question no systematic 
experimentation has been carried out in North-East India, and 
we think none is at present necessary. The case for an interval 
of 4' to 4' 6" according to the rainfall and soil seems generally 
agreed. The claims for triangular planting, especially in rela- 
tion to symmetry of growth of the bush, seems strong. 

Cultivation of the Soil. 

75. The Commission has been struck with the diversity of 
opinion and practice in soil cultivation even within relatively 
small geographic areas. No one now seems to demur to the con- 
tention that the old, very deep cultivation including trenching, 
formerly given, was wrong. There is, however, a great reluc- 
tance to consider to what extent cultivation could be reduced and 
what are its real purposes. Consideration of these matttrs is with 
tea as with other crops, much clouded by the persistent though 
quite unjustified conviction that the deeper the cultivation t*lie 
better the aeration of the soil. There are in planting circles 
opponent of deep cultivation but they in the main appear to 
base their case on the damage it does to the roots of the bushes. 
Now the Scientific Department has taken a definite stand in this 
matter. It has claimed to show from its experiments that culti- 
vations are necessary only for the control of weeds and it has 
avoured surface cultivation, i.e., creation of a fine mulch on the 

top as a protection against evaporation in drought periods. In 
so far as we are justified in coming to a conclusion on a matter of 
this kind, we wholeheartedly support the Scientific Department 
We think that the field of research in soil cultivation bes in 
t oroughly testing, in as many districts as possible, Tocklai’s 
mam contentions. We have, in paragraph 40 suggested root 
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studies and in these the effects of damage to roots by cultivation 
to varyin*g depths might well be included together, of course, 
with the effects upon growth and crop as a whole. Attention is 
again called to the question of labour costs dealt with in para- 
graph 25. 

Plucking. 

76. In this matter again there are very wide variations of 
practice and, therefore, possibilities of experiment. We suggest 
that attention be concentrated on two things, namely, fineness 
of plucking (coupled with degree of breaking back); and fre- 
quency of plucking — a difficult subject for experiment but im- 
portant in practice. 

Pruning. 


77. The three points to which we suggest attention should 
be devoted are : — 

(a). 

loss of bushes from decay setting in 
faces; 

at cut sur- 

(b). 

simple cutting across with various 
cleaning out including none at all ; 

degrees of 

(c). 

time of pruning. 



There can be no doubt that the most important of these is 
(a), that is loss of bushes, and it is doubtful whether any matter 
under our general heading of cultivation is of greater practical 
importance, and therefore, deserving of a bigger share of atten- 
tion in experimentation. We do not suggest any line of enquiry 
which has not already been taken up by tlie Scientific Depart- 
ment but wish to insist on the great importance of repetition of 
experiments in all localities, for as local witnesses have made clear 
to us, losses of the kind we have in mind occur to varying extents 
in the different districts. What we saw in our visits led us to 
believe that a thorough study of the facts as to loss of bushes in 
the different tea districts would be well repaid in the form of 
guidance and perhaps new ideas for experiments. Survey work 
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of this kind could, of course, well be done by local advisory ofli- 
cers* That heavy pruning may induce death for physiological 
reasons is a possibility which only sjxicially planned experiments 
can probe (cf. paragraph 251). 

Other Matters of Cultivation. 

78. We have considered and sought advice locally 
upon many other things including : nursery work ; bullock or 
buffalo cultivation among young bushes; infillings and large- 
scale replanting. These have not suggested to us any matters 
of importance to include in the field of research on tea growing 
other than those which have been reviewed in passages above. 

Recommendations. 

79. We have now completed our survey of the field of 
research on tea growing . In the course of this we have made 
suggestions and recommendations as to lines of enquiry which 
should be followed. These jointly constitute more work than 
the Scientific Department, as now made up, could undertake. It 
is to l^e hoped, however, that co-operation in research among tea 
areas, as proposed in Section XI, will enable each individual 
country to limit its investigations appropriately. Until this 
possibility has been fully examined, the final choice of lines of 
research in North-East India cannot be made. 
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SECTION IV. 

PAST AND CURRENT RESEARCH ON TEA GROWING. 

General. 

So. We have considered in detail the work at present in 
hand and that which has occupied the Scientific Department dur- 
ing the past few years. It would, however, result in excessive 
length to refer in this Report to individual investigations. More- 
over, our terms of reference require of us an opinion on two 
general points : as to whether the ex|)enditure on research work 
by the Indian Tea Association has Ix^en well repaid ; and as to 
whether any major changes in this Scientific Department seem 
desirable. We sf>eak, therefore, in these observations, of policy 
and main trends rather than of experimental detail. 

8r. Our questionnaire gave all sections of the tea industry 
the opportunity to criticise every side of the work of the Scienti- 
fic Department. As may be seen from Appendix I, a variety of 
criticisms of its research work was offered. Many of these are 
dealt with in other parts of this Report (especially in Section 
VIII). Two of which must be specially mentioned here are the 
contact between the Department and the industry and the ques- 
tion of publications. 

82. In our view, contact with the industry has not been as 
effective in the past few years as was necessary to keep the 
Department properly aware of the problems and circumstances 
of practical tea growing. A very important factor in the situa- 
tion has been the almost complete suspension of tours by the 
Chief Scientific Officer and his colleagues during the past four 
years. A reduction of Staff led to this suspension on the ground 
that experimental work which it was essential to carry on, need- 
ed the whole time of the small remaining Staff. 

83. The unsuitableness of the form in which the results 

of research have been made public, is commented on in later 
passages of this Report (e.g., paragraph We consider it 

has made it difficult for the industry to grasp the purposes of the 
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Department’s numerous experiments and the exact bearing of 
their results on commercial practice. 

84. There has, we think, been a tendency to disperse effort 
over too wide a field. This has arisen from a desire to embrace 
all enquiries which seemed relevant but has sometimes resulted 
in issues, not always small, being taken up and then abandoned 
for want of time. The chemistry of tea furnishes some examples 
of this. 

85. The choice of problems and lines of enquiry has not 
always, in our view, been sufficiently directed by the economic 
situation and problems of the industry. We take as an example 
of this the physiological bias at first given to botanical work, the 
claims of plant breeding being for some time subordinated. 

86. During the past few years, an excellent spirit of joint 
working has been in evidence among the various Branches, a 
result we attribute in large measure to the internal policy of the 
Chief Scientific Officer. To get the best results, however, joint 
work should not be left solely to good personal relations, im- 
possible though it is without them. Conjoint action is necessary 
in planning work. If every Branch draws up its programme of 
work independently, it is certain to be too occupied to help an- 
other, when asked to do so, save in small incidental wAys. 
Another way of expressing these ideas is to say that problems 
should be selected and attacked by the Department as a whole 
instead of the Chemical Branch (let us say, for illustration) 
selecting chemical problems, the Botanical Branch botanical 
problems and so on. More concerted action by the Chief Scien- 
tific Officer 2tnd his Staff in choosing problems and settling the 
main lines of attack would, we believe, be |X)ssible and 
advantageous. 

87. The Chief Scientific Officer and his colleagues have 
been good enough to give us their views as to necessary Staff in- 
creases. We have noted these but have decided to make no re- 
commendations at present other than for: Advisory Officers; 
an Entomologist; and a trained Indian Assistant for the 
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Botanist. These are urgently needed. Other Staff questions 
should be deferred until the possibilities of co-operation in 
research (sec Section XI) ha\e Ireen followed up. 

Botanical Branch. 

88. This Branch was started in 1930 with the aid of a 
grant from the Rinpire Marketing Board who, until the present 
year, have paid half the initial and half the current costs. It is 
a matter for mnch gratification that the action of the Board led 
the Indian Tea As.sociation to found this Branch. In our opinion 
it should have come into e.xisteuce many years .sexmer. Without 
the slightest reflection on any other Branch, we say that it would 
have been wiser if such mouey as the Indian Tea As.sociation 
actually spent had been so allocated as to make Botanical work 
possible at a much earlier date, although this would have involved 
a reduction in this work of the other Branches as a whole. 

89. We very strongly recommend the keeping on of the 
Botanical Branch in spite of the termination of the Empire 
Marketing Board’s grant. 

90. The Branch was started primarily for physiological 

■ work together with the associated morphological and anatomical 
investigations. The study of varieties— the ultimate object of 
which is plant breeding— was a secondary consideration, though 
it has recently strengthened as the botanist has gained experi- 
ence of the tea industry. This was, in our view, a wrong orien- 
tation. Plant breeding was the obvious line to follow and our 
®'^'§§cstion is that the branch should, as soon as possible, 
make this its primary concern. 

91. In plant breeding the object must be to breed. This 
seems self evident but nothing is easier than to be led away from 
the main purpo.se by the many intriguing scientific problems a 

■ plant breeder’s work reveals to him. All tile succes.ses in plant 
breeding show the wisdom and the extreme necessity of making, 
at first, an empirical attack — empiricism being here defined by 
the methods used in connection with known plant breeding sue- 
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cesses. Refined morphological and anatomical work must be 
ancfliary to and arise out of practical plant breeding.* We are 
sure this consideration is superlatively important in tea, for 
“jats” are complicated mixtures of different botanical types. 
The problem of sampling, that is selecting for measurements a 
limited number of plants to represent the whole population, is 
excruciatingly difficult because of the mixed condition of the 
“jat”. Moreover, at present the botanist can draw *‘jat’' 
material for his refined studies only from small single plots. 
Minute measurement of clones (defined in paragraph 36) would, 
of course, be a much more rational and hopeful undertaking 
than similar work on jats. We understand that the Scientific 
Department is sometimes asked to identify and name a “jaf', 
lx?ing given for this purpose a limited number of leaves often in 
a faded condition. The Department would be wise to make it 
quite clear to the industry that '*jat’' identification in these cir- 
" cumstances is impossible. It should only attempt identification 
when circumstances make this highly desirable and then in 
conditions it itself lays down. 

92. We do not mean by this that the botanist’s minute 
“jat” comparisons, in respect of leaf shape and hairiness of leaf, 
have been wasted work. Investigations of this kind were essen- 
tial for experience in a field which no other tea botanist has ever 
seriously entered. We do, however, suggest that his present 
“jat” comparisons should be terminated with reasonable speed. 
His work on the hairiness of leaf should, however, we think, 
continue on present lines despite the objections we have men- 
tioned, because of the accepted relation of that charactei to 
“quality”. 

93. The physiological, morphological and anatomical work 
has been largely in relation to plucking. We suggest that this, 
though it has given him valuable experience, should not be cai- 
ried on. In present circumstances plant breeding holds far more 
promise of benefit to the industry than improvements in pluck- 
ing and pruning. These practices, though not perfectly under- 
stood, have become relatively far advanced by the piactical 
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experience of planters aided by the work of the Agricultural 
Branch.* They contrast, in respect of general understanding, 
with seed supply and the suitability of different ‘‘jats” for vari- 
ous localities. 

94. We do not suggest, of course, an abrupt termination 
of this physiological and anatomical work but that it should be 
directed towards those developmental studies of which we speak 
in paragraphs 28 and 29. From time to time morphological and 
other studies will be necessary in connection with plant breedinn 
but they should be taken up for this purpose and not because ol 
their inherent importance. 

95. A review of the past work of the Branch shows that 
several small investigations were begun and after a short time 
given up. They served their purpose in giving exixu'ience bu1 
we perceive the need, in the past, for a programme of work basec 
on the problems of the industry with careful consideration of tin 
relative importance of these problems. 

96. The Botanical Branch has not been as closely linec 
with the agricultural side of the Chemical Branch as the cir 
cumstances made desirable. 

^97. On the varietal comparison (plant breeding) side of it* 
work the Branch might have profited greatly by close contaci 
with research workers at home. The Research Station at Eas 
Mailing has, as is well-known, explored with the greates 
thoroughness, methods of varietal diagnosis by means of wood 
leaf, and other characters, and applied these with the most dis 
tinguished success. Contact with the workers there would hav( 
been very helpful. In matters of this kind the London Advisor3 
Committee could give assistance. 

98. Vegetative propagation, as we have explained in Sec 
tion III, is one of the foundations of plant breeding. In tea it u 
at present being carried out by the Mycologist. We are con- 
vinced that this officer cannot give to this fundamentally impor 
tant subject the time it needs. To transfer it at once to tin 
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Botanical Branch and prosecute it vigorously is obviously neces- 
sary. * Root studies, we regard as work the Mycological Branch 
should develop. 

99. It seems undesirable for the Botanical Branch to take 
up yet further lines of work, such as the distribution of tannin in 
tlie leaf, which has been provisionally incorporated into its pre* 
sent programme of work. 

TOO. The full range of investigation which has been con- 
templated by the Botanical Branch as logically necessary, 
includes both plant breeding and physiological and associated 
work. It would involve adding a second European Officer to the 
Branch. This we do not favour, and we adhere to our view that 
the Branch should make plant breeding its paramount occupa- 
tion. A qualified Indian assistant should be added at once for 
work on vegetative propagation. A further small increase in 
the Staff will probcably be necessary soon, one qualified 

Indian Assistant, and one or two unqualified ones, when plant 
breeding begins to expand. As in the case of other Branches, 
however, we make no specific recommendations as to Staff be- 
cause until the possibilities of *Mnter-area’* allocation of research 
are known, the field proper to each Branch cannot be closely 
defined. , 

I he Mycological Branch. 

101. The range of work of this Branch has, for some 
years, been undesirably wide. It has included not only myco- 
logy on an extensive scale but also a considerable number of 
botanical investigations which were commenced before the 
Botanical Branch was set up. 

102. We think that with the exception of root studies, 
botanical work should be given up in the Mycological Branch as 
soon as possible. The transfer of the study of vegetative propa- 
gation to the Botanical Branch we have already recommended. 
There is much data in the Branch relating to other botanical 
work including jat comparisons and the yield of individual 



( 52 ) 


bushes. It would clearly be a wise plan to analyse this data and 
render it available to the Botanical Branch without delay. ‘The 
Scientific Department has been very fortunate in having a Myco- 
logist who, in the absence of a Botanical Branch, has been pre- 
pared and able to inaugurate botanical studies. The success 
achieved in vegetative propagation by leaf cuttings is note- 
worthy and may prove the foundation for the method ultimately 
to be adopted in North-East India. 

103. In connection with diseases, root investigations have 
been made at various times. We have explained, in Section III, 
the ground we think root studies might cover and our suggestion 
is that the Mycological and Chemical Branches might be jointly 
responsible for them. 

104. Mycological work itself has covered a very wide field, 
but has been directed to questions of practical importance and 
been based on understanding of tea-growing conditions including 
financial aspects. 

105. Among the principal subjects of mycological research 
are': — 

(a) . Direct attack on fungi by spraying, uprooting, 

etc. Some of the spraying experiments have 
been of only partial value because they have 
done no more than demonstrate the percentage 
of infected plants in sprayed and unsprayed 
plots. To be fully useful, spraying experi- 
ments must determine nett monetary effects, 
i.e., cost of spraying and value of crop increase 
secured by it. 

(b) . Mycorrhiza, i.e., fungi living a joint life with the 

root of the tea bush, the nutrition of which it is 
believed to assist. We refrain from discussion 
of this notoriously difficult matter but suggest 
early consultation with specialists as to the 
advisability and form of continuing work on it. 
The great scientific interest of it cannot be 
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doubted especially, perhaps, in the case of the 
tea bush which is said to have a vei*y limited 
number of root hairs. We have it in mind, 
however, that the field of research in tea myco- 
logy is large and that mycorrhiza studies are 
still very undeveloped in general. 

(c) . Physiological work, with the object explained in 

paragraphs 64 to 68. Whether the amount of 
reserve starch in the bush is the best index to 
physiological condition -from the point of view 
of disease is a matter for question. Whether the 
rapid ^‘iodine method** of estimating starch, 
which has been adopted is sufficiently sound, is 
another question. This latter apart from its 
chemical aspects presents difficulties in the 
problem of sampling, both in taking bushes 
from plots and roots from bushes. That the 
physiological work now in hand should not be 
abruptly terminated is, of course, obvious, but 
we think the difficulties call for early consulta- 
tion with specialists both physiological and 
mycological. 

(d) . Yeasts in manufacture have been largely studied 

and resumption of this work is contempfated. 
We doubt the wisdom of this and suggest that, 
at the least, there should first be a very careful 
reconsideration of the evidence in favour of 
further work. 

The Entomological Branch. 

106. The Entomological Branch has been maintained in 
form of a reference collection under an Indian Assistant. It has 
served a useful purpose in connection with advisory enquiries. 
Its work, though modest, deserves appreciation. It was 
demonstrated to us that numerous type specimens could at once 
be produced for inspection, of pests ranging from the mosquito 
blight insects to bark eating caterpillars. 
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Chemical Branch. 

loj. We consider here chemical work on soils and also 
agricultural experiments, leaving to Section VTI our notes on 
investigations made bv this Branch on tea quaUty and manufac- 
ture. It may ultimately prove wise to deal with the very big 
range of subjects involved bv setting up two branches-7— chemical 
and agricultural — in place of the present composite one. With 
the Staff as it is now, however, the existing arrangement works 
too well to be altered. 

108. On some subjects, e.g., priming and manuring, 
experiments have been many and long continued. The results, 
expressed lengthih^ and scientifically, are dispersed over several 
Annual Reports. We suggest Occasional Pamphlets, described 
in paragraph 202 (c), should now be written to make the applica- 
tions of the results readily available to planters. 

109. As Borbhetta experiments are on relatively young 
tea, the projected experiments on estates in different districts, 
should be arranged to provide information, in part, from old tea. 

no. Planters^ questions are unceasing and this Branch has 
the very proper ambition qf answering all of them by facts from 
experiments. We see a danger of over-dispersion of effort and 
believe, for instance, the desirability of continuing studies in 
soil nitrogen and soil acidity should be reconsidered. 

TIT. A few years ago, new methods of plot lay-out and 
statistical analysis were very rapidly developed. For a time 
Tocklai did not make use of the new methods but the Chemical 
Branch has now taken them up with great thoroughness and 
success, having indeed, introduced certain interesting special 
applications of them to meet the particular circumstances of its 
work. 

1 12. The general policy of the Branch should clearly be 
to test in separate localities, the main results of its agricultural 
experiments at Borbhetta and Tulsipara; and then to impress 
the finally approved practical applications upon the planting 
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community. Refinements and relatively small extensions of the 
pr€^5ent main lines of work should be avoided. 

113. Knowledge of practical problems and local conditions, 
with due attention to monetary aspects, is displayed in all the 
work of this Branch. 

114. The experiments on organic matter in soils, including 
composting, now in contemplation, are ‘in our view adequate 
treatment of this important subject. 

115. We feel that the agricultural work of the Chemical 
Branch has been insufficiently appreciated by London, Calcutta 
and the industry generally. Lack of facilities for experiments 
in the various tea districts has laid open to criticism, and fair 
criticism, the greater part of the experimental results. Never- 
theless, we say, this Branch has very substantially benefitted 
the industry and we are content to support ourselves by 
instancing : — 

(а) . The steady giving up of the very deep cultivation 

formerly practised. 

(б) . The substitution of pruning at about 18 to 22 

inches for very deep and collar pruning. 

(c). Systematic, intelligent use of fertiliser in place 
of systems based on prejudice and ’ often 
extravagant. 

These we hold are very important changes induced by 
experimental work but which having slowly come to be general 
in planting practice, are no longer associated with and accredited 
to their originators. 

1 16. The ban on planting new areas of tea at Borbhetta 
is a very serious hindrance and should be removed at the earliest 
opportunity. 

Bacteriological Branch (on soils). 

1 17. The work, such as studies of nitrification in sons, was 
purely tentative and led to no decisive conclusions. Experience 



ih general has shown the great difficulty of dealing with problems 
of soil bacteriology even in specially equipped laboratories. c For 
the past three years soil studies in the Branch have been in 
abeyance and we consider there is no case for their resumption. 

The Value of the Work of the Scientific Department oh Tea 

Growing, 

118. We were expressly invited to report whether results 
are likely to be commensurate with the expenditure directed to 
research. Changes which we advocate in this Report will, we be- 
lieve, add much to the fruitfulness of the Scientific Department. 
But we feel that the task entrusted to us, requires us to judge the 
value of past work the better to predict what may be expected in 
the future. To this difficult undertaking we have devoted 
constant and critical attention. 

119. An informative though not decisive way of judging 
the services of the Department to tea growing, is to ask what 
would have been the condition of commercial practice if no 
research organisation had been set up to help it. Our reflec- 
tions along this line, so far as they signify, completely vindicate 
past expenditure on research. 

120. Our systematic enquiry has had a double form. We 
have' frankly asked planters and other members of the industry 
for their opinions of the value of past research : and we have 
studied the condition of the industry and the past and current 
work of the Department at first hand. The industry, and 
especially the planting community, undoubtedly appreciate 
what the Department has done and credit it with substantial 
helpfulness in many directions. 

12 1. We ourselves judge the Department first as a scienti- 
fic institution and find in its achievements sound warrant for the 
money spent on it. Next we take its influence on tea growing 
practice, leaving tea making to the final paragraph of Section 
VII. We see valuable assistance in many varied directions. In 
primary agricultural matters such as soil problems, manuring, 
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soil cultivation and pruning, improvements in general practice 
from research have resulted in very great monetary benefits. It 
would be impracticable to make a full list of all the aids research 
has produced to tea growing in North-East India. But we, 
representing a diversity of experience and interest, set it down 
as our firm opinion that what has been spent on the Scientific 
Department has been well spent. And* further, we believe 
increased expenditure, conformably with the principles and 
specific ideas we have exfxjunded, will be handsomely returned. 
The expenditure on research in all the main tea areas has received 
our close attention. We do not wish to speak in public of the 
outlay on, and circumstances of, research in other areas, but we 
are prepared to give the Indian Tea Association our reasons for 
feeling that the cost of scientific work in North-East India when 
judged in the light of the size and circumstances of the area, is 
such as to assure the Association of the reasonableness of their 
expenditure. 
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SECTION V. 

THE PROBLEM OF QUALITY. 

122. In tea-tasting, quality is one of those imdefinecl com- 
ponents, body, aroma, etc., being others, by which the market 
value of a tea is determined. But in tea growing circles and for 
crop products at large, the word quality is used to include all the 
characteristics or components which govern market value. We 
have found it desirable in our discussions to use the word in tliis 
general sense and have so used it throughout this Report. 

123. The problems connected with quality have Ix^en the 
most difficult part of the scientific side of our work. They are, 
firstly, not at all easy to formulate as every section of our wit- 
nesses has found. They constitute the greatest challenge which 
the tea industry can make to science. We l^elieve that in the 
economic future of the industry they will have a leading and, it 
may well be, the chief place. 

124. Before quality problems can be scientifically investi- 
gated in a way appropriate to thejr im|x)rtance, the following 
steps must be taken. 

(A) . To define quality for experimental pur])oses. 

(B) . To propound, for the investigator, the problems 

of quality with which the industry is confronted. 

(C) . To make decisions on certain aspects of experi- 

mentation such as the problem of sampling and 
the range of investigation which is possible with 
the scientific facilities available. 

We devote this Section to these three steps, {viz., A in para- 
graphs 134 to 138; B in paragraphs 139 to 140; and C in para- 
graphs 141 to 144). Then in Section VI we examine all the lines 
of study by which the quality problems of the industry might be 
attacked, indicating those we believe to be the best to commence 
with. In Section VII we briefly review the research on quality 
already carried out by the Scientific Department. 
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The Meaning of Quality, 

125. Quality, at the present time, can only be defined as 
a conception, more of art than of intellect, of which tea tasters 
are the repository and by the aid of which teas are valued in com- 
merce. How they apply this conception to a tea is well-known. 
Their judgment is decisively expressed by a price and they 
explain it by reporting on certain components of quality such as 
pungency, colour of the liquor, etc. In reporting on these com- 
ponents they make use of a great number of descriptive words 
and phrases. The list of components referred to is not neces- 
sarily the same in reports by the same taster on different teas or 
by different tasters on the same tea. Of tlie relative monetary 
imix>rtance of the individual components of quality nothing is 
said. This, indeed, for one and the same tea, may not be the 
same in the judgment of different tasters who may have personal 
predilections arising from the particular market demands they 
have in mind. The descriptive words and phrases used in con- 
nection with the several connx)nents of quality exceed seventy in 
numlx?r. Some are synonyms, some are variably used by differ- 
ent tasters and some are, at any rate outside tasting circles, 
obscure in meaning. 

A Dangerous Siluaticni, 

126. Discussions with all sections of the tea industry, 
in which we have been most cordially assisted by the tasters 
themselves, convince us that present methods of specifying tea 
quality are in some respects commercially undesirable while for 
science they completely rule out constructive investigation. 
They create, therefore, a dangerous situation. It is our chief 
concern here to propose measures by which this obstacle to 
research can be removed but we think it desirable to review first 
the commercial aspects of this question. 

127. The brokers' report is passed on to the planter. If 
the price be unexpectedly low he naturally wishes to find out the 
particular characteristics in which his tea was faulty. He would 
then, of course, connect the faults with the circumstances of the 



( 6o ) 

leaf or the manufacturing and take immediate steps to improve 
his quality. But in many such cases the report is obscure and, 
indeed, virtually meaningless, leaving the planter entirely with- 
out guidance. We think it of the greatest importance to the 
industry that the brokers' report should not be limited, as in 
effect and usefulness it sometimes is, to a cash valuation. He 
should give such information as to the faults and merits of the 
teas on the market ruling as to guide the planter in his policy. 
This he cannot do unless he speaks in terms as to which ,the 
planter has no doubt. 

128. Terminological obscurity, amounting almost to 
mystery, in dealing with tea quality, may come to have serious 
marketing implications especially for the higher quality teas. 
Present day consumers dislike buying mysteries and in commo- 
dity markets generally there is a strong demand for declared and 
regularly maintained grades. Producers of apples, bacon, eggs, 
prunes and many other familiar commodities are making strong 
efforts to meet this demand. Now the subtleness of tea quality 
makes grading, of the kind' easily developed with ordinary food 
products, unattainable with tea. We doubt, however, whether 
the tea industry can safely continue to do nothing to change the 
system by which quality is judged and specified. That almost 

all tea reaches the consumer as a blend does not, in our view, 

« 

weaken the arguments here used. The desirability of change in 
commercial practice is not, however, our direct concern. We 
turn, therefore, to the scientific need for a new specification of 
quality which is a matter of the first imj^ortance and of the 
greatest urgency. 

Scientific RequirementSj^ 

129. There are two reasons why present methods of 
specifying quality, when used in connection with scientific inves- 
tigation, are an insurmountable obstacle to progress. Only the 
taster can say what the quality of a tea is, for the tea trade will 
listen to no one else. Thus he becomes a key-member of the 
scientific staff in any experiment on quality, e,g., a study of the 
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effect of different manurial treatments on quality. But taster A 
may ^iffer from taster B ; and actual test has sometim^^s given 
whimsical proof of this. Here is the first difiiculty. Now 
different plots receiving the same manurial treatment in an 
experiment may, for instance, give very different yields because 
of soil variations. But these differences are in a form which 
science, by the principles of statistics, can safely and appro- 
priately deal with. Differences in brokers’ verdicts, however, 
in their present form, are a phenomenon with which science can- 
not deal. We have explained in paragraph 125 how easy it may 
be to account for at any rate some of the differences lx*tween one 
broker and another. Tliis explanation, of course, does nothing 
to remove tlie obstacle to scientific study. 

130. The second reason why current ways of specifying 
quality impede investigation, is even more serious than the 
first. It must always be an aim of science to connect cause and 
effect. Let us take, for illustration, an ex|)eriment on the effects 
of nitrogen, ix>tash and phosplioric acid on quality, it will be 
necessary to apply varying doses of these tiiree substances and 
various combinations, e.g., nitrogen only, nitrogen and potash 
together and so on. The planter naturally wishes to know how 
each substance, in light or heavy amount, and how each combi- 
nation of two or tliree of the substances at a time, affects the 

» 

quality of the made tea. The scientist can arrange an experi- 
ment to produce teas from every one of these manurial treat- 
ments, arranging, at the same time, a most careful check on the 
“statistical reliability” of the results. The whole, elaborate, 
experiment must now be consummated by the tasters deciding 
on the quality of the tea from every plot. With present practice 
the only information in a tasters’ report which has for all teas a 
ccmstant purport, is the price. But price does not meet scientific 
requirements. It is essential to know how each manurial treat- 
ment has affected each component of tea quality briskness, the 
colour of the liquor, the body. Moreover, this information must be 
given under the same headings and in the same form for all teas 
from all experiments. What is required is summed up by saying 



{ 62 ) 

that a uniform and analytical system for specification of quality 
must be'evolved. The uselessness and even danger of a specifica- 
tion in which price is the only significant data is at once apparent. 
Two teas from an experiment may be wortli the same price one 
being outstanding in one characteristic and one in another. Price 
would thus not help in connecting individual causes with indivi- 
dual effects in tlie way whicli has been explained to be necessary. 

131. We attach the greatest importance to the analytical 
specification of quality. Without it, proper scientific study will 
be impossible; for lack of it a very great proportion of past 
experiments on quality has, in our view, been made utterly 
worthless and a waste of time. 

132. It must not be supposed that research workers aided 
by certain others in the tea industry, have cither ignored or 
failed to grapple with this difficulty. The great efforts to secure 
the tasters’ concurrence in the use of a standard glossary, made 
by the Association’s Scientific Department, are well-known. 
Moreover, the difiicultics of assessing quality of tea must not be 
forgotten. The practical criterion of tea quality is effect on the 
palate — a subtle thing. It is the inherent obscureness of quality 
which accounts for the obscureness of commercial practice in 
specifying it. Any reform in commercial practice would no 
doubt take a long time. But unless the tea industry speedily 
introduces an appropriate method of specifying quality for 
experimental purposes it will fail in duty to its scientific workers ; 
and, we venture to point out, it will make the efforts of our Com- 
mission infructuous. 

The Ultimate Scientific Specification of Quality, 

133* Quality, however wide its range and obscure its 
nature, must depend on the properties of certain chemical sub- 
stances present in the tea. These, in turn, are derived from cer- 
tain chemical substances in the green leaf as a result of chejuical 
and physical changes during manufacture. If these substances 
could be identified arid if their effects on the palate could be fully 
worked out, it would be possible to make exact scientific definj- 
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ions of all grades and aspects of quality. It must be the research 
^vorkefs^ ultimate ideal to identify these substances and their 
properties. But there must be no misunderstanding about the 
parts science and. tea tasting are likely to play in buying and 
'telling. If exact physical and chemical tests of quality can be 
devised they will be of great value in research and so lead to 
increased control over manufacture. On the market, however, 
large numbers of samples have to be valued in a short time. 
Rapidity is therefore essential and no chemical or physical test 
is likely to be of at all the same order of rapidity as tasting. 

Proposals for [Specifvinir Quality for Expcriwcntal Purposes. 

T'^4. What is meant by analvtical specification of aualitv 
and whv this is essential for scientific work, has been explained 
in paragraph t.^o. The Commission has discussed this matter 
with both London and Calcutta tasters and has their warm con- 
currence in the principles of the proposals which are now to be 
made (paragraph 138 below). 

135. We should be concealing an as]Dect of much signifi- 
cance if we did not record that evidence given to us reveals a 
sharp difference of tasters’ opinion between London and Calcutta 
upon certain questions connected with experimental teas. We 
have considered many reasons which help to account for this 
difference but do not think it necessary to give them here. Tn 
our opinion, if the expert bodies in Ivondon and Calcutta both 
assist Tocklai in experiments on quality, difference of opinion 
between them will be by degrees removed, and, indeed, unless 
fundamental differences can be removed, the tea industry of 
North-Kast India will have to admit the unsatisfactoriness of a 
situation of which the crippling of scientific work will not be the 
only bad feature. 

136. Shortly after discussing quality specification with 
London brokers, a member of the Commission visited Ceylon. 
He found, there, already in working, a system for judgfng teas 
from experiments. It proved in all essentials the same as that 
which had shaped itself in the lyondon discussions. Ceylon, we 
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venture Jto say has made here a most important advance in J>ring- 
ing quality under critical study. Their initial success is an 
incentive to other countries and their experience will be a valu- 
able guide. The Commission is greatly indebted to the Board 
of Management, the Director and the Staff of the Tea Research 
Institute for the kindness with which a complete explanation of 
the system was giveil. 

137. In the Nederlands Indies, as is well-known, tea is 
sold by entirelv different methods from those used by British 
interests. Correspond in glv, valuation reports on teas are differ- 
ent. Thev are simple and emplov a strictlv limited terminology. 
Their form might well be studied in carrying out the proposals 
we make for specifving quality. Further, if as we hope, con- 
joint effort in research by the yarious tea countries becomes pos- 
sible, the nearest practicable approach to a single system for 
specifying quality in experimental teas will be desirable. We 
realise that objection may be raised to the idea of a single system 
f for experimental teas only) for use with teas of so strongly marked 
individuality as those of North-East India, South India, Ceylon 
and the Nederlands Indies. It must be remembered, however, 
that if anv country’s results are to give any assistance in others, 
all must be upon a common basis. 

i 

138. We propose the following arrangements for judging 
and specifying the quality of experimental teas. 

(a). That a limited number, preferably not more that 
six, components or characteristics of quality, be 
always reported on. These should be the charac- 
teristics which best combine commercial import- 
ance and suitability for experimental purposes. 
Appearance, if included, would need careful 
•specification. In illustration of this, it may 
be mentioned that an otherwise ordinary tea may 
be improved in appearance by the old Assam 
practice, now to be seen in Java, of taking off tip 
from a bulk, on flannel, and using it to make 
special parcels. 
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(b). That in reportin.c; on each characteristic one and 
the same system be used for indicating level of 
excellence, v^everal systems are |X)ssible. For 
instance, the taster nsin^^ his General experi- 
ence, nii.e[ht award marks for each characteristic 
out of a total of lo. One objection to this would 
be the inevitable tendency of some readers of 
reports to look on the total marks of any tea, for 
the selected characteristics, as indicating its all 
round merit and relative market value. The 
system we favour is a comparative-value one. In 
any experiment, one tea, nsnally that from the 
control plots should be taken as the standard of 
quality. Then for each characteristic in turn, 
every other tea should be reported as equal to, 
l>etter than, or worse than, the control. There 
might l>e 3 , 4, or even twe degrees above and be- 
low equality with the standard, each denoted by 
a single, suitable phrase, c.g., better (or worse), 
much better, and very much better than standard. 
Upon this and all other aspects of the system the 
example and experience of Ceylon will be of the 
greatest value. • 

(('). That personal bias and the specific requirements 
of particular markets be prevented from affecting 
reports by arranging for a panel of three or four 
brokers to make a single, joint, report. Each 
broker would prepare his own report, atid^ the 
panel would then assemble and make its joint 
report. There should be one such panel in 
London and one in Calcutta and each should 
send its reports to Toc^klai and to the other 
panel. The samples from an exi^eriment should 
be sent to the tasters under serial numbers or 
other suitable marks, the identity of the 
standard being disclosed. The key to the serial 
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numbers should be given to the tasters imme- 
diately after their report is completed to enable 
them to know the value of the experiment before 
their recollection of the exact characteristics of 
the teas has ceased to be fresh. Our evidence 
encourages us to believe that brokers will be pre- 
pared'to play their part in such a system and will, 
moreover, take a keen interest in the results of the 
experiments. We have carefully considered the 
alternative to joint report by a panel of brokers, 
i.e., individual reports. Tt has the advantage of 
securing repetition of result and so permitting of 
statistical analysis of brokers* opinions. While 
we adhere to our preference for a panel we point 
out that no amount of reasoning can decide be- 
tween the two systems. Trial alone will show 
which is the better for scientific purposes. 

(d). Careful preparation, involving many preliminary 
experiments and the closest collaboration be- 
tween the brokers and the Scientific Depart- 
ment, will be needed to launch this system. One 
important point to decide will be the number of 
samples and the size of each, to be sent to the 
brokers from each ^ ^treatment** in any experi- 
ment. The question of water for tasting will 
also arise. In commerce it is always insisted 
that most careful aflowance be made for local 
water peculiarities in blending. Whether cor- 
responding allowance is made in tasting straight 
teas in, it may be London, Melbourne and Cal- 
cutta, seems uncertain. One body of witnesses 
explained that the water supply in one well- 
known place, interested in tea, varied with the 
seasons of the year. For experimental purposes 
careful provision for tasting water must be made. 
Possibly a plan worth considering for uniformity 
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in experiments would be that adopted by one 
large commercial house which uses* distilled 
water. 

{e). One of the most difficult matters to settle is the 
number of different teas, from any one experi- 
ment, which tasters can be expected to judge 
with certainty. The re;search worker might 
well desire to have, in, let us say, a inanurial 
experiment, eight treatments and a control 
no manure). This would give nine lots of tea. 
We learn that it is difficult for the taster to dis- 
criminate the differences among six different 
teas, at most, when these are as close in quality 
as they have usually been in past inanurial and 
other experiments. It must be remembered 
also that plot experiments are ‘'replicated", 
e.g,, several plots are laid down for each of the 
treatments. The fact gives rise to yet further 
questions which will have to be dealt with in the 
preliminary investigations. 

Having made these proposals for specifying quality m a 
manner appropriate to the needs of scientific study we turn next 
to consider the problems involving quality, which the industry 
presents to science. 


The PYohlems of Quality* 

139. In Section II we have reviewed the main economic 
problems of the tea industry including those in which quality 
is primarily concerned ; in Appendix I are summarised the views 
on quality problems contained in replies to our questionnaire. 
These latter show a general uneasiness about quality, w ic 1 
arises mostly from its uncertain connection with 
They display, too, a general desire to improve quality but n^ 

according to any thought-out iwhcy. 

as they contain are for getting more knowledge “ ^he F per 
regulation of and the effects of, the separate stages of mam 
ture, especially withering. 



140. We have been forced to conclude that general ignor- 
a/ice (u word ive tahe from one of oiir witnessesj is the Basal 
problem of quality with which the industry is confronted, it 
must be dealt with by seeking for more knowledge. But the pos- 
sible held for scientific study of tea quality is literally unbound- 
ed and it is thus essential to select certain lines of enquiry. After 
aireful study, including discussion vvitJi many witnesses, we 
suggest the lines set out below : — 

(a) . The building up of a suitable analytical method 

of specifying quality, as already explained 
(paragraph 138). 

(b) . A survey of conditions in representative commer- 

cial factories in North-East India to ascertain 
how wide are the customary variations in tem- 
perature and other factors and in the condition 
of the raw material, both from time to time in 
one factory and as between different factories. 

(c) . Well planned trials, with the necessary ancillary 

experiments, with the object of finding out how 
variations in manuring, soil character, pruning, 
etc., and in the separate stages of manufacture, 
affect the individual comiX)nents or character- 
istics of quality. 

(d) . Investigations with the object of discovering the 

chemical substances in the leaf, the chemical 
and physical changes they undergo during the 
successive stages of manufacture and the ways 
in which these substances and changes influence 
the market value and the components of quality 
of tea. This, the fundamental enquiry will, in 
measure as it succeeds, yield the master know- 
ledge of tea quality. 

(e) . Jat selection, by which quality (as well as yield) 

might possibly be impro^^ed but which can pro* 
ceed only as means are devised for testing quality 
with small amounts of leaf« 
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(/). The study of commercial and economic aspects of 
quality, including problems of the kind dis- 
cussed in Section II. 

We expand these proposals for investigations in Section 
VI. It is naturally in the forefront of our considerations tliat 
no, method of controlling or improving quality is of any final or 
commercial value unless it is profitable,, though it may yet be 
of scientific importance. 

Some General Aspects of Research on Quality. 

141. Our discu.s.sions have convinced us that in some sec- 
tions of the industry the magnitude and difficult nature of a pro- 
jjer study of tea quality, are imperfectly realised. Partly for 
this reason, but also as part of our own consideration of the 
quality problem, we therefore briefly discuss here two general 
aspects of research on quality. One is the problem of sampling, 
the other the range of possible experiments. 

142. The “problem of sampling” runs all through every 
kind of research in which material and procedure are not i^er- 
fectly constant. Suppose, for example, the effects of the vari- 
ous stages of manufacture on quality are to lx; studied. Po give 
as much constancy as possible, let it be assumed that the green 
leaf can Ire obtained from the following closely specified cpndi- 
tions : a block of one acre of land; the bushes on it all to be of 
exactly the same jat and of the same age; cultivation, manuring, 
plucking, and pruning to be the same all over the block. Now 
the soil will certainly not be uniform over any acre and thus the 
green leaf from different bushes cannot be entirely uniform. The 
whole bulk of material from this acre could be manufactured, 
but a chemist could not analyse it all. He would have to draw 
small samples from it for analysis. His results would differ 
from sample to sample. By analysing a great number of samples 
from the bulk he could find out the “range of variation” within 
the bulk and by familiar statistical methods he could decide how 
many samples and the size of sample it would be necessary to 
use, to get an average figure properly representative of the. 
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whole bulk and to a stated degree of accuracy. It is essential 
thus to sUidy the * ‘sampling error'' at every stage. This s/udy 
makes it possible to test the “reliability of result". Without 
ascertaining this reliability, the greatest perfection in the actual 
procedure of weighing, analysis, etc., is of no avail, and danger- 
ous, false, inferences may be drawn. An essential principle for 
calculating reliability of result is repetition of observations, e.g., 
several sub-samples frOm the bulk in the case under discussion. 
It is this principle which necessitates having several plots for 
each different kind of manure in a trial of the effects of different 
manures on yield. Corresixmdingly, when the effects on quality 
of the various stages of manufacture have to be studied, the 
chemist will have to draw several samples of the material after 
withering^ after rolling, etc. Moreover, any one stage, e.g., fir- 
ing , cannot be carried out in precisely the same way on different 
days. How much the day-to-day variations may affect the made 
tea can only be found out by repeating the firing (or other pro- 
cess) a number of time§. Thus the sampling problem must be a 
subject of special study at every stage as a preliminary to syste- 
matic investigation of the effects of that stage on quality. These 
considerations show that every plan of investigation implies, in 
practice, a series of “repetitions" by which the investigation is 
greatly enlarged beyond the skeleton form of the proposals 
written out for it. Research workers have to deal with the 

t 

problem of sampling in every experiment. The layman must 
understand its general nature and the principles by which it is 
dealt with if he is to appreciate the requirements of accurate 
experimentation. 

The Vast Field of Research on Quality. 

143. The magnitude of the field of research opened up by 
questions relating to quality in tea is impressive to the point of 
dismay. It is obviously essential for the research worker to 
examine the scope of possible enquiry with care. We think it 
highly desirable also, that those who pay for or are otherwise 
interested^ iil tea research should give careful thought to this 
matter. It is for them we contribute the outline considerations 
which now follow^ 
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144. To understand the quality problem from the point of 
vievf of the investigator it is necessary to make a complete theo- 
retical analysis of the factors governing quality. These consti- 
tute two groups associated respectively with the raw material 
(green leaf) and with the stages of manufacture aud may be thus 
set out : (with sufficient completeness to illustrate the principles 
involved). 

Green Leaf. Manufaciitre. 


1. Jat. 

2. Inherent physiological con- 

dition of bush. 

3. Age of bush. 

4. State as affected by spacing, 

pruning. 

5. Nature of plucking. 

6. Locality (altitude, etc.). 

7. Soil. 

8. Cultivation. 

9. Disease. 

10. Time of year. 


1. Withering. 

2. Rolling. 

3. Fermenting. 

4. Firing. 

r Storage aud tran- 
sport in India. 

I Sea transport. 
Warehousing. 


The finally made tea is influenced by each one of these 
factors and the effect of any one factor is partly controlled by the 
effects of the other factors preceding it in action. Thus 
the influence of firing depends upon, among other things, 
the effect that manuring has had on the leaf, while this, 
in turn, is influenced by the jat of tea concerned. For 
every factor in the list above a considerable range of 
variation is possible. Many different jats could be tried; at least 
six different kinds of manuring could be described as of practical 
interest; any one of the factors (i.e., stages) in manufactuie 
could be tried in several different forms or degrees, e.g., for fir- 
ing two different temperatures and two different time exposures. 
Thus 'for a theoretically full study of quality, . suitable 
variations or degrees of every factor should be tried in combina- 
tion with those of every other, each set of combinations producing 
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a different ''experiinental tea”. There are 15 factors mentioned 
in the list above. If onh^ 2 variations of each v^erc possible, the 
total number of combinations of factors, t.r., the total number of 

separate tea-makings would be 2x2x2 15 times = 32,768. 

With an average of three variations for each factor the num- 
ber of tea makings would be 14,348,907. To bring the possibi- 
lities back to manageitble numlx'rs, let it be assumed tliat 5 fac- 
tors can be selected from the 15 as being the onlv ones likely to 
matter much — a big assum])tion. Tlien taking the number of 
variations of each factor as 2, the number of necessary tea mak- 
ings will be 32; for 3 variations per factor the number will be 243. 
These reduced though still big numbers do not, however, dis- 
close the magnitude of the experimental work involved. As 
explained in Section 21 (above) anv one tea making (f.c., combi- 
nation of factors) would have to Ix" subject to repetition to ensure 
reliability of results. At least 4 rejx^titions, multi])lying cor- 
respondingly the above numbers of experimental tea makings, 
might well be required. If chemical analyses of raw material 
were made at the beginning and end of each stage of manufac- 
ture, the number of samples to lx analysed would lx several 
times multiplied again. This would bring numbers once 
more to levels of impracticability. Tt will be realised that 
this account does no more than mention the ex]xriments 
which might conceivably and not unreasonably lx under- 
taken if resources allowed. . The carrying out of some 
stages, especially for instance the chemical analysis of the 
leaf and the products derived from it, would in practice be very 
lengthy and intricate. The conclusion we wish to make clear is 
that great care must be shown in deciding what experiments to 
make on quality ; that only a few can be carried on at one time ; 
and that for these, ample resources and a considerable span of 
lime are necessary. 
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SECTION VI. 

THE FIELD OF RESEARCH IN TEA QUALITY AND 
MANUFACTURE. 

145. It has been said that tea quality and manufacture 
are “no job for the scientist” but require “constant trial and 
error work by some one with an inventive mind and a gift for 
cooking”. We do not agree. As will be seen in later passages, 
we favour empirical methods, i.c., a carefully planned form of 
trial and error for some investigations on quality and manufac- 
ture, but we are convinced it is by scientific experimentation 
alone that fundamental knowledge of these two difficult subjects 
can be gained. Moreover, fundamental knowledge and not occa- 
sional small discoveries by trial and error is essential to make 
clear the nature of quality and to give control and ensure im- 
provement in manufacture. 

146. We suggested in paragraph 140 the main lines of 
enquiry into quality and manufacture and we proceed now to 
expand these. In doing this we avoid detail, for many parts of 
this subject are undeveloped and final choice of lines of enquiry 
will have to be made from time to time by the investigators 
themselves as work proceeds. The factors affecting quality of 
tea fall into two groups : those connected with tea growing; and 
those connected with tea making. These two groups are, of 
course, intricately connected. For instance, weather affects 
fineness of plucking; this in turn probably affects withering, 
which in turn is belie\ ed to affect all the other stages of tea mak- 
ing. The two groups of factors are now to be separately dis- 
cussed. 

Factors of Tea Growing which Affect Quality. 

147. As explained in Section III the yield of tea is in- 
fluenced by internal factors (factors of the plant itself) and 
external factors (factors of the environment) and the same is true 
of quality. It follows that the field of research on te^'i quality 
is exactly the same as for tea growing but since experiments on 
quality are much more difficult than those on yield the number 



( 74 ) 

of factors fStudied must be limited. Taking internal factors (tbe 
plant itself) first, two matters require attention, namely,* jut 
selection and physiology of withering. 

Jat and Quality, 

148. The possibility that differences among individual 
plants greatly influence quality is not very clearly realised, we 
feel, by the planting community. In practice leaf mainly from 
one jat may occupy the factory one day and that mainly 
from another jat on the next day. Some fluctuations in the qua- 
lit}^' of the made tea may be thus explicable. Or on any one day 
leaf from two or even more jats may be mixed and used in the fac- 
tory. Circumstances when leaf from only one jat is manufac- 
tured at a time must be examined. As explained in Section III 
a jat consists of a considerable number of different botanical 
types. Consequently in successive pluckings from an area of 
one jat, the proportionate amounts of leaf from the various botani- 
cal types, cannot be constant. For this further reason then, 
quality fluctuations in made tea nui}^ arise. It seems reasonable 
to suggest that more uniform jats (the clones of paragraph 36) 
would result in greater uniformity in the finished tea. 

Plant Breeding and Quality. 

149. These considerations suggest the same field for single 
bush selection for high quality as has been considered for high 
yield (see Section III). In fact yield and quality must be dealt 
with together in plant breeding. The immediate difficulty is that 
no small-scale tests for tea quality have yet been devised. This 
is one of the reasons for trying to evolve laboratory-scale tea mak- 
ing equipment as explained in paragraph 158. The later stages 
of breeding would require an intermediate-size manufacturing 
plant and for this the present Tocklai factory would suffice. It 
is quite likely that knowledge gained from the physiology of 
withering and the chemistry of leaf and tea — subjects we commend 
elsewherfe for study — will provide aids to the plant breeder in 
selecting for quality. It may be asked whether plant breeding 
should be started until appropriate small-scale tests for quality 
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are available. We are .strongly in favour of beginning at once 
because of the slowness of plant breeding with a perennial crop 
like tea. 

Physiology of Withering. 

150. Withering may ultimately disappear in some dis- 
tricts from a considerable part of the tea* making year but is not 
likely to be entirely given up. Meantime it seems generally 
regarded as the most influential stage of manufacture. It is not 
to be looked on as simply the drying out of inanimate material, 
for at first it represents physiological activity, especially respira- 
tion and transpiration, of living tissue and we commend a physio- 
logical study of it. This will involve associated work on his- 
tology, i.e., the minute anatomical structure of the bud, leaf, and 
stem of the tea. A wide range of enquiry should be embraced 
including variations in age of shoot, the proportions by weight 
of bud, leaves and stalk, relative rates of loss of water of these, 
parts, jat differences, maiiurial effects and changes in external 
conditions such as temperature. The undertaking must be in 
the hands of a highly trained physiologist. 

Environment and Quality. 

15T. Leaving the plant we turn to the environment ^<^hich 
by affecting growth affects the composition and structure of the 
leaf and so the quality of the tea made from it. It is obvious that, 
broadly speaking, quality should be examined on the leaf from 
all plot experiments which deal with the effects of environment 
on yield, namely, manuring, pruning, plucking, soil cultivation, 
etc. That is to say, yield and quality should both be dealt with 
in all experiments of this kind. Some of the environmental fac- 
tors are, however, specially important and we therefore consider 
them all in turn. 

Soil Type and Quality. 

152. Soil type is generally believed to have so great an 
effect on quality, that no amount of skill in manuring, pruning, 
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and plucking can avail to do more than slightly modify its influ- 
ences. That is the soil tyj>e on any estate is believed to set a 
' sharp Upper limit to the quality of tea which can be made on that 
estate. It would clearly be valuable if for every estate the upper 
limit of quality set by its soil type could be determined. To do 
this would involve a correlation of soil type and quality, a most 
interesting undertaking* but for which we are sure resources do 
not, at present, exist. Possibly in time tlie proposed Advisory 
Officers might be able to take some steps towards testing and 
more closely defining common general beliefs as to the relation 
between local soils and tea quality. Moreover, partial chemical 
tests of quality may be evolved from the fundamental chemistry 
of tea and thus may make the correlation of soil type and quality 
a practical undertaking. 

Manuring and Quality. 

153. The lines suggested in connection with manuring and 
yield in Section III indicate the scope required here and the same 
set of experiments should, of course, be used. They will make 
it possible to say whether nitrogen in an organic form is essential 
to high quality and to answer other questions of this type which 
have agitated certain sections of the tea industry and particularly 
London Houses. 

Climate and Quality. 

154. Climate like soil is l^elieved to^ wset a sharp upper 
limit to quality. As in the case of yield we do not favour a 
survey of this matter. Statistical study in the form of a corre- 
lation of rainfall and quality or altitude and quality would be 
possible, quality being taken for this purpose as price. Estate 
records going back over many years would furnish material. We 
do not, however, think such an enquiry worthwhile at present. 
Shade partly controls certain climatic factors and our recom- 
mendations on the study of shade in relation to yield apply in 
principle to quality. (See paragraph 52), 
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Diseases, Pests and Quality, 

155* Any disturbance to growth by pest or disease is bound 
to affect leaf and therefore made tea, but the practical situation in 
North-East India is such as to call for general observ ations and not 
specific experiment upon this point. The idea that “green fly” 
induces high quality might be taken up by the local Advisory 
Officers as a matter of interest. 

Plucking and Quality, 

156. Soil cultivation though obviously not entirely uncon- 
nected with quality calls for no immediate investigation at pre- 
sent. Pruning, the influence of which on quality is in some cir- 
cumstances highly important, would involve experiments too 
extensive to take up until manuring has been dealt with. In the 
case of plucking, however, the study of quality should be made 
on material from the ex})eriinental plots in which ])lucking is 
studied from the point of view of yield. If, however, pressure 
of work compels a limitation of quality study on the produce of 
experimental plots, preference should be given to the effects of 
manuring over those of plucking. 

Factors, of Tea Making which Affect Quality, 

157. We take up now the outstandingly difficult part of bur 
whole task. Of the importance of studying tea making and its 
effects on quality we are wholly convinced but we are forced to 
realise that our investigations on it though generously assisted 
by the tea industry and especially by the carefully thought out 
opinions of the Staff at Tocklai, do not carrv^ us beyond broad 
initial proposals. Indeed for anyone to go beyond such projwsals 
would, at present, be impossible and it is by the investigatoi s 
themselves as their experience grows that the lines of research 
will have to be finally decided. We suggest that the subjects to 
be attended to are as in the list following and we discuss them 
one by one in ensuing paragraphs. 

(a). Devising a very small-scale, i.e,, laboratory -scale 
manufacturing plant. 
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,{h). Improving the existing small factory plant at 
Tocklai for use with plot experiments. 

(( ). vSiirveying the current practices of tea making in 
the factories of North-East India. 

(d). Dc\ ising a small-sca/e factory plant for widely 
ranging experiments on all the processes of tea 
manufacture. 

0?) Experiments with this small plant on the pro- 
cesses of tea manufacture and especially on 
withering. 

(/). Arranging to check results obtained in small- 
scale experiments on manufacture and quality 
by means of trials in commercial factories. 

(g) . Designing and testing new machinery. 

(h) . Fundamental chemistry of tea. 

(/). Bacteriology of tea making. 

(a). TAihoraiory-Sridc Manufacture. 

, 158. As already explained, jat selection ultimately 
depends on the possibility of testing quality on such a scale 
that the leaf from a single bush can be dealt with. This is the 
first reason which makes laboratory-scale manufacture neces- 
sary. It would, further, be very useful for preliminary experi- 
ments on the influences of various factors in tea making and 
would afford guidance for ,the coiivStruction of the small-scale 
plant for manufacturing which is dealt with in paragraph t 6,^. 
Moreover, a laboratory-scale plant might be required to provide 
material for a study of the chemistry of manufacture. It should 
not be difficult to produce the required apparatus save in the case 
of the rollers. One of the great advantages of work on this very 
small scale would be the relative cheapness of the equipment and 
the ease with which it could be constantly altered and adapted 
to experimental needs. 
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159 * The criticism has been made that a Small-scale plant 
cann£»t produce normal “tea^’, being limited to a tea^like sub- 
stance. This criticism has made us anxious concerning the pos- 
sibility of experimentation on the lines it seems right to us to 
suggest. After careful enquiry we are not prepared to accept the 
criticism. Our belief is that the Scientific Department with its 
admittedly imperfect small plant has produced tea and tea which 
commerce will accept. It is possible tha\ the very small labo- 
ratory-scale plant we have in mind may not produce commer- 
cial tea. If it do not there will be two interesting problems to 
deal with. First, why cannot commercial tea be made in dimi- 
nutive amounts on a very small-scale plant? Next, how can 
the products of a very small plant be correlated with commercial 
tea ill such a way as to be used to interpret the results of experi- 
ments ? 

(6). Improving the li.xisting Manufiu turing Plant at 'I'orklai. 

i6o. The much criticised factory at Tocklai has been n.sed 
for a remarkable number and diversity of experiments. These 
have been limited in range and effectiveness. There is not 
the slighte.st doubt that the ])resent equipment is quite useless 
for the .sy.stematic inve.stigation of variations in mannfic- 
turing processes and their effects on quality of made 
tea. Nevertheless, the equipment can lx? continued in use, for 
the manufacture of leaf from plot experiments. Certain im- 
provements are necessary to get the best value from it but these 
should not be undertaken until further experience has been 
gained. At present the chief difficulty is that there are only 
two rollers and these are not alike. Consequently in plot 
experiments with eight different treatments, the eight lots of tea 
have to be rolled in four pairs, or for six treatments there would 
be three pairs. As atmospheric temperature rises during the 
day, rolling temperature naturally shows a steady rise, with 
correspyonding decline in quality. Allowances are made for this 
by an appropriate statistical arrangement, lo have four rollers, 
all alike, would get over this but the alteration is not ijume- 
diately required. 



(c). Survey of Tea Making in North-East Indid. 

f '' 

i6i. We ventured to say in paragraph 140 that ignorance 
was the only clear basic problem connected with manufacture 
and quality. Propounding this problem more fully, we should 
say that in tea factories, generally, there is a great desire to 
know : the upper, lower, and in the circumstances of each factory 
the optimum values of time, temperature and other physical con- 
ditions at every stage of manufacture; how variations in each of 
these conditions affect quality; how, correspondingly, the condition 
of the leaf, e.g., water content or temperature, influences results 
at each stage of manufacture; and finally by what means human 
judgment by sight and touch may be displaced so as to give a 
more reliable control over tea making. Knowledge of this kind 
can only be obtained by experiments on each stage of manufac- 
ture. But to decide what form and range of variation of tempera- 
ture and all the other factors to .study will require great care, for 
the exi)eriments will be extremely difficult and it will be possible 
to carry out only a relatively small number. Now a gfX)d guide 
would be to ascertain the variations in conditions found in com- 
mercial factories. We therefore propose a survey by resident 
Advisory Officers in repre.sentative factories willing to give faci- 
lities for this. 

< 162. Besides being irseful in planning experiments, the 
survey should have two other advantages. F'irst, it would show 
the condition of the industry in North-East India as a whole in 
respect of manufacture. P'or example, it would show the methods 
relied on for deciding when withering is complete. In some fac- 
tories the» method is to judge by sight and touch. In a few the 
water content of the leaf is determined. Information will also be 
obtained about the extent to which it is sought to control other 
processes by accurate observations, for example, the use of 
thermometers in firing machines. The fact that recording instru- 
ments have been fitted does not prove that they are in order or 
that they are used or that their use is advantageous. Secondly, 
,the survey might throw light on the frequent complaint that a 
factory is inconstant, i.e., the same procedure does not on two 
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successive or near days give the same result. A corresponding 
situation is that two factories side by side frequently get different 
results when on general grounds similarity should be expected. 
Several explanations of these occurrences are possible. For 
example, differences in jat or state of flush or method of pluck- 
ing might be responsible and bacterial action might play a part. 
General opinion points to another possibility namely, that great 
variations occur from day to day, or in any one day, in every 
process of manufacture and occasionally a chance combination 
of extreme variations in each process tends to an extreme result, 
either favourable or unfavourable. Characteristic examples 
would be : — the leaf from some parts of the house being over 
withered, that from other parts, taken off the racks at the same 
time, being incompletely withered; the degree of cooling of leaf 
during transfer from the roller to the sifting machine and during 
sifting not being always the same ; fermenting floors of different 
material withdrawing unequal amounts of heat from the ferment- 
ing leaf because of differences in their specific heat and conduc- 
tivity. It should be the object of tlie survey to compare one fac- 
tory with another and to determine the space and time variations 
in every process in single factories. Control over manufacture 
by which, with reasonably constant leaf, constancy could be 
ensured in made tea is what the average estate appears to regard as 
one of its greate.st needs. It is evident too that fairly high 
constancy of operation will be es.sential in the experimental equip- 
ment we have recommended. Thus the circumstances affecting 
and the possibilities of achieving high constancy of work, may 
be specified as one of the principal objects of this survey. 


(d). Small-Scale Factory Plant for Experimentation. 

i6% To investigate the individual stages of tea making, 
special manufacturing plant will be necessary. Any 
factory would be, in our view, useless for experimenta ion i 
proper sense of that word, for it could not ^ raP.dl. and co^ 
pletely altered. It is chiefly for that reason that in Section IX 
we do not recommend a full sire factory for T«klai. 
there is needed for experimental purp«es a factory of atat the 
size of the present one at Tockiai, U., with rollers taking a 
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charge of about twenty to fifty pounds of leaf. It will be a long, 
somewhat costly undertaking, involving much trial and great 
mechanical ingenuity, to design and construct this experimental 
plant. In this work the makers could give great assistance and 
would thereby advantage themselves, for from these experiments 
fresh developments in machinery may well come. Experience 
gained in the experiments with the laboratory-scale plant of para- 
graph 158 will also be of value here. The aim must be to con- 
struct equipment which will allow every process of tea making 
to be varied over a very wide range so that the effect on quality 
of all kinds of variations in manufacture may be discovered. 

(e). Experimentation on the Individual Manufacturing Pro- 
cesses. 

1^4. We have dealt, in the opening passage of para- 
graph 161, with the objects of investigations on manufacturing 
processes and with the necessary equipment in paragraph 163. 
We do not attempt to specify details of these experiments but 
record certain general views. Withering should be made the first 
subject of investigation since all other stages of manufacture are 
believed to depend on this one. We have in paragraph 150 
recommended a separate investigation of withering as a problem 
in plant physiology, 

• 165. We have found many planters, especially thOvSe with 
engineering knowledge, possessed of a strong general feeling 
that the use of machinery for tea making is in a sadly undeve- 
loped state. They feel a paralysis has laid hold of it and that in 
place of the new ideas which abound in the use of machinery in 
industry at large there has in tea machinery been for years no 
greater ambition than to increase the mechanical efficiency of 
customary types. We ourselves agree with this view though 
the introduction of processes supplementary to rolling shows that 
some progress is being made. Difficulties in the way of progress 
are evident. The situation is similar to that of agricultural 
machinery in a small country like Great Britain which, in con- 
trast with the North American continent, cannot offer the manu- 
facturer the inducement of a large demand. Or the situation 
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m^y be differently illustrated by comparing either tea macbb 
neryj or agricultural machinery in Great Britain, wfth motor 
cars. Whereas comparatively trivial changes may serve to sell 
new models in cars, year after year, agricultural and tea machi- 
nery has a very long life. Thus the incentive to the maker to 
produce new models is small. We think, however, that the un- 
developed state of tea machinery and manufacture should be 
seriously considered by the industry in North-East India. A 
very substantial outlay in factory building and machinery may 
have to be faced during the next ten years and it would obviously 
be bad policy to make this outlay without the best engineering 
advice. 

166. We are convinced great boldness should be shown in 
the Scientific Department's investigations of the individual 
stages of manufacture and no less boldness in the outlook 
of the makers of tea machinery. It might seem merely 
academic to suggest that temperature should be controlled dur- 
ing fermentation by having a fermenting chamber only one foot 
high with a water jacket and an air control ; or equally so, to pro- 
ix)se that rolling, including sifting and fermentation, should be 
one continuous process. That many notions of this kind should 
be entertained is a view to which any enquirer might well be led 
by the bold idea of Mr. G. S. Napier-Ford in overcoming the 
notorious difficulty of the process of withering by cutting it 'out 
entirely from manufacture. If any proof were needed of the con- 
tention that on the manufacturing side tea has been for many 
years tied tight by custom it is, we feel, to be found in what 
Mr. Napier-Ford has thus done. 

167. It is not for us to attempt judgment on the ultimate 
utility of Mr. Napier-Ford 's non-withering manufacture. Our 
enquiries in the different districts have revealed a great interest 
in non-withering and have shown the ludicrous kinds of criticism 
by which new ideas may be assailed. We hear, for instance, 
that when non -withering was first practised it brought a higher 
market price to the garden concerned but when a number of gar- 
dens began to practise it buyers dropped the price because the 
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supply of non-withered tea on the market was increasing. For 
this reasAn, it was argued, it was useless to go on with 'non- 
withering manufacture. We think the tea industry' is under a 
great debt to Mr. Napier-Ford and the firm he represents for a 
stimulating idea. 

(/). Confirmation of Restdts in Large-Scale Factories. 

168. No experimental results concerning tea making can 
be recommended to estates unless confirmed by trial in commer- 
cial factories. Trials in the separate different districts are essen- 
tial and we recommend the necessary procedure for this in 
paragraph 246. 

(g). Designing and Testing New Machinery. 

169. We have indulged with oiir witnesses and others in 
many discussions as to whether the tea industry, or alternatively 
the makers of machinery, should be res|X)nsible for developing 
new ideas and machines for tea making. The analogous 
question is frequently debated in connection with agricultural 
implements in Europe and America. In the matter of respon- 
sibility for, or probable means of, attaining original ideas, clear 
answers are impossible. Original ideas come from original minds 
and these occur in many walks of life. It is said that in the past 
planters have supplied virtually every new idea for the improve- 
ment of tea machinery, the makers having merely constructed the 
machines. We content ourselves by saying that one cardinal 
requirement is for the makers to assist Tocklai in every possible 
way both in devising their experimental tea making equipment 
and in carrying out experiments on it. Tocklai should, corres- 
pondingly, work as closely as possible with the makers. 

170. We have consulted many witnesses about the advis- 
ability and possibility of trials of new machines before they came 
on to the market. It is evident that the industry might often be 
spared expense if an unquestionably reliable trial could be made 
of every new tea making machine before estates considered pur- 
chasing it. In some cases, we know, makers are prepared to 
erect a machine on the condition of purchase subject to satisfac- 
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tiott but what they do in general falls far short of satisfying the 
need’for trials. We have, however, been forced to recognise that 
the many difficulties of carrying out machinery trials make it 
impossible for us to recommend any plan for such trials in North- 
East India at the present time. 

{h). Fundamental Chemistry of Tea. 

171. A great amount of painstaking work on the chemistry 
of tea has been carried out by the Association’^ Scientific Depart- 
ment. The chemical study of tea and leaf has also been pursued 
in other areas. It is true that all this has so far provided the in- 
dustry with no substantial applications. It is also true that the 
chemistry of crop and animal products, as a whole, is exceedingly 
difficult. We have carefully considered these facts and conclude 
that the study of the chemistry of tea should be resumed, leaf 
and material at successive stages of manufacture later coming 
under investigation.. This study would require great facilities. 
A single chemist could not, for long, handle all the work nor, we, 
think, could he be provided with suitable facilities including touch 
with other branches of science, save in some large F,uropean 
scientific centre. We refer again in paragraph 239 to this matter. 
Work of this kind is pre-eminently suitable for joint-action by 
the four tea areas of which we speak in Section XI. Before any 
decisive step is taken there should be consultation with the. best 
obtainable chemical opinion and a full consideration of the value 
to future work of the scientific studies already made on tea m 
various places. 

Bacteriology of Tea Making, 

172. This part of the field of research, opened up almost 
entirely by the Association’s own scientists, is so new as to 
require special treatment. There is little in experience with 
other crops to guide consideration of lines of enquiry suitable 
with tea. We have found it the most practicable plan to make 
our observations on past work in bacteriology (paragrap 114 
192) also a review of the field of research. 
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SECTION VII. 

PAST AND CURRENT RESEARCH ON TEA QUALITY 
AND MANUFACTURE. 

General. 

173. Direct investigation of manufacture has not received 
a share of attention proportionate to its industrial importance. 
There have been two reasons for this : ineffective arrangements 
for tasting experimental samples; and lack of equipment for this 
form of investigation. 

174. The Scientific De23artment had for many years to 
sustain with inadequate support from the tea industry, a 
harassing struggle with tasters about their terms and methods. 
In the last few years it has made great progress on which it is to 
be congratulated. We believe our suggestions for further deve- 
lopments (jDaragraj^h 138) will prove advantageous to the judging 
of experimental teas. 

175. Failure to develop) the Tocklai factory to the condi- 
tion required for direct study of tea making has been only in part 
due to limitation of money. Equipment on the lines we suggest 
in Section VI is urgently needed. 

176. Although proper arrangements for judging experi- 
mental samples and facilities for manufacturing experiments 
were both lacking, a considerable number of small trials and 
experiments was made. These mostly led to no more than sug- 
gestive indications. They have, however, had their value in 
giving exjDerience for more serious enquiry. Urgent desire for 
information about manufacture, in planting circles, virtually 
compelled the Department to take up some work on it despite 

lack of proper facilities. 

/ 

^ 77 ' Systematic surveys of factory conditions and practices 
(as carried out and not simply as they purport to be) have not 
been made. We think the Department is insufficiently cognisant 
of these matters. Observation must cover an adequate number 
of representative factories all over North-East India. 
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178. The frequent complaint (see Appendix 1) that the 
Depaftment has not checked ideas derived from experinlents, by 
tests in factories in all the tea districts, is a true complaint. But 
It cannot fairly be pressed because of the smallness of the Staff. 
The case of E. C. Solution is the only serious one in point. 
Factory conditions {e.g,, porous fermenting floors) were not 
adequately found out. 

179. The use of E. C. Solution is by no means universally 
condemned though its premature advocacy is rightly regretted. 
It must be made clear that the E. C. episode showed, among 
other things, either the incapacity of some factories to grasp 
simple instructions or their neglect in having them executed. 

t8o. The decision to take up the fundamental chemistry 
of tea was, we think, premature, for more direct attacks on qua- 
lity and manufacture had prior claims. Moreover, this chemical 
work when launched, was too ambitious. One must sympathise 
with a chemical laboratory which had no electric power until 1926 
and in which until 1930 the gas supply was inadequate even for 
simple combustions. But these facts reinforce the contention 
that a premature start was made. When the work was decided 
on, it was Inadequately planned. Instead of following a syvSte- 
matic, well selected, programme of work, a great diversity of 
problems, some extremely difficult, was pursued. The chemistry 
of leaf and of some Intermediate substances was partly begun. 
At times, as internal evidence from the Annual Reports shows, 
the chemical Staff was overwhelmed by the fruits of its own 
labours and discontinuity of investigation ensued. The result 
of all this work, technically excellent, was of no immediate value 
to the industry but it will be of unquestionable value if the inter- 
nationally planned research on made tea which we recommend, 
be taken in hand. 

181. Quality studies in connection with the excellent plot 
work on yield in relation to manuring, etc., have been hampered 
by imperfect arrangements for tasting. Chemical worje on the 
leaf (potash and phosphate content) and tea (total tannin, etc.) 
from these plots, still carried on, seems to us of doubtful value 
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for the heavily engaged Chemical Branch. Tannin content, etc., 
are proA^ing to be correlated with tasters* verdicts but only within 
the limits of individual batches of teas, i,e,, from one and the 
same experiment. 

182. Tocklai has been criticised for doing any experi- 
mental work with its small factory, even for making tea from 
manurial and other plots. This criticism is unsound, for small- 
ness of machinery is not of itself universally objectionable. 

183. It has been asserted that the Tocklai factory has never 
and can never make sound commercial tea. Evidence which we 
accept crushes this criticism. 

Bacteriological Branch. 

184. Arguments supporting the view that bacteria must 
play an unimportant part in manufacture in other tea areas do 
not prove the insignificance of these organisms in North-East 
India where low withers result in the spilling out of much leaf 
juice during rolling. 

185. The main results claimed for the work of the Bac- 
teriological Branch on tea quality and manufacture, may be thus 
stated : 

(a). Certain pronounced taints in tea are caused by 
bacteria. These taints are not very common in 
commercial practice and only result from rather 
heavy bacterial infections. It is possible that a 
special characteristic taint may be caused by 
bacteria in all the tea made in a particular fac- 
tory. This may not be positively objectionable 
and not .strongly marked. It may become 
accepted by tasters as the type for which the 
factory is known. 

\ (b). Soft liquors and dull infusions often occur in teas 
in general, especially in the rains. A number 
of things may cause them and bacterial action 
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Is a common cause. A relatively light infection 
may be effective here. 

(c) . Both taints and also soft liquors and dull infu- 

sions, can be avoided by factory hygiene, i.e., 
rigid attention to cleanliness. The Branch can 
discover the seats of infection in a factory and 
give advice for dealing with them. Even in the 
rains soft liquors and dull infusions need not 
occur. 

(d) . Full information has not yet Ix^en obtained as to 

the initial sources of infection. The bacteria 
proved to occur on tea leaf are not ordinal ilv 
objectionable but may be harmful in certain cii- 
cunistances. The chemistry of bacterial action 
on tea has not Ixen seriously studied, time foi this 
difficult work not having yet been available. 

(c). Moulds in a visible state (spores or hyphae) some- 
times occur \'ery abundantly on tea fresh from 
the driers. vShould such a tea in transit or later 
rise above the normally safe percentage of mois- 
ture, the moulds may rapidly develop and make 
the tea ‘hnusty’h 

(/). It cannot yet lx said whether or not bacteria nor- 
mally play a part in tea making and bacteria 
which occur on green leaf may possibly play a 
regular part in fermentation. 

(^). Yeasts may similarly be im])ortant. 

(/j). The reasons wliy a factory is not making good 
teas cannot be pro))erly investigated, 
the correctness of the rolling, unless it is first 
found out whether bacteria are resiionsible for 
anv of the defects. On this ground bacteriology 
is indispensable in the application of science to 
the iiuproveinent of tea making. 
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i86. To report on the work of the Branch we mnst examine 
the claims of these results to validity, and coniniercial iijiport- 
ance. This is very difficult and we must make it clear that 
acceptance or rejection of these claims is not purely a matter for 
science. What is frequently of critical importance is the evid- 
ence as to whether or not certain blemishes are of common occur- 
rence and substantial importance in industry; or whether cer- 
tain conditions, proved to promote harmful bacterial action, do 
in fact frequently arise in commercial factories; or whether better 
factory hygiene has, where enforced, genuinely removed the 
defects for which it was adopted. 

187. Result (a), as to taints seems well supix)rted so far as 
marked taints are concerned. We think the fight policy would 
be not to extend research on this matter for the present but to 
clinch the results by thoroughly applying them in commercial 
factories. 

188. Result (&), as to soft liquors and dull infusions, has 
strong support from artificial inoculation experiments — an essen- 
tial support. A relatively small number of factories has been 
dealt with by the Branch for these troubles and from them have 
come some emphatic written tributes and also verbal answers to 
our questions, assenting to the view that treatment for bacterial 
action has set matters right. Taking the ver^^ critical attitude 
our difiScult task necessitates, we point out that some of the 
managers concerned may not have sound proof for what they 
aver and believe and we think yet more evidence is necessary. 
This matter is too novel and too important to be left in doubt and 
the industry must be convinced. Now it is obvious that the 
industry can and must convince itself. Let factories constantly 
troubled by defects attributed by the Branch to bacterial action, 
seek its help to overcome their difficulties. The industry must 
play its part here and so help forward this bacteriological work 
of which the inherent difficulties are very great. 

189. The work from which results (a) and (b) of paragraph 
185 have come — and it is the most important part of the work of 
this Branch— has necessarily been of the nature of trial and 
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erJror^ father than systematic, scientific, research. There arises 
now, therefore, the question when and to what extent this 
empirical work should be carried to the stage of strict study of 
the scientific problems it involves. Among these problems are : 
identification of bacterial species concerned; the chemistry of 
bacterial action on tea at various stages ; reactions of the bacteria 
concerned to temperature and other factor's. Questions of this 
kind will have to be taken up in the interests of the tea industry 
if the claims set out in paragraph 185 (a), (h) and (c) prove to be 
fully substantiated. And if questions of this kind be taken up, 
the Branch must be free to pursue them in the customary scien- 
tific manner and not be subjected to the criticism that work of 
such a kind bears no obvious relation to tlie tea industry. But 
our view is that before the scientific approach is fully begun, the 
efficacy and range of application in North-East India of the main 
results so far claimed, must be emphatically demonstrated in 
commercial factories. Once the industry is persuaded of the 
wide importance of bacteriological measures it cannot withold 
generous support for further scientific work. 

190. Concerning result (d ) — initial sources of infection — 
we think the line of enquiry so far followed satisfies preliminary 
requirements. More thorough study would, however, be neces- 
sary to complete the iinderstaiiding of bacterial influence on tea. 
Result (c) — moulds — raises novel and possibly most important 
questions. Their significance is so great that we think the pre- 
sent method of showing the presence of moulds on particles of 
tea should for safety be supplemented by direct detection of 
spores and mycelium. Complaints of tea “deteriorating in 
transit or storage are fairly common and this matter gains great 
interest from them. 

191. The Bacteriological Branch is all but the pioneer in 

studying bacteria in relation to tea and it has transmuted what 
was mere observations into a new field of research. Bacteriologj 
cal work, especially when the results have to be expresse 
numerically, is well-known to require great caution. ^ 

that the Branch, in the rapidity of its advance, has been inclined 
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to burdeji itself with too many investigations at one time and 
thus has been compelled to depend for some of its deductions on 
an unduly limited range of evidence. Besides scientiiic deduc- 
tions, it has the difficult task of deciding to what extent the 
phenomena and treatments in which it is interested, occur in or 
are applicable to, general commercial practice. In this matter 
also, reall}’ substantial evidence is essential. 

192. The Bacteriological Branch has by its close contact 
with problems of manufacture and by its special resources, be- 
come veiw well fitted to assist in devising the two forms of experi- 
mental tea making machinery described in vSection VI. We con- 
sider that it could, conjointly with the Chemical Branch, do very 
useful work in this direction. 

'I'he Value of the Work of the Scientific Department on l ea 

Quality and Manufacture. 

193. We have explained in paragraplis 118 to 12 1 the way 
in which we set ourselves to answer whether results from research 
were likely to be commensurate with expenditure on it. On the 
side of tea growing we were able to point to improvements in the 
industiy, from research, with which we were well satisfied. In 
progress made through re.search on tea quality and manufacture 
we find, superficially, less to satisfy us. But the difficulties 
here are far greater than in tea growing. Duly allowing for this 
and remembering the great industrial importance of manufac- 
ture, we are convinced that the money given up to research upon 
it, has been well spent. Even if no claim to .specific improvement 
in tea making, as a result of research, could be made, a wide- 
spread awakening of interest throughout the planting community 
and in marketing circles, and a critical, enquiring spirit where 
formerly fixed and almost fatali.stic beliefs prevailed, would 
them.selves be substantial results. We strongly recommend a 
continuance of this side of the As.sociation\s research work, for 
we are convinced of its promise. 
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vSKCTlON viir. 

ADVISORY WORK. 

194' Section I, we luivc adopted the view mat it must 
be the piujxise of tlie Scientific Department to employ the 
sciences for the economic betterment of tlie tea industry. This, 
we have explained, requires the Department to ascertain what are 
the major problems of the industry, and then to study the scien- 
tific questions which underlie these, keepino* always in mind the 
purpose we have defined. To carry out this policy must involve 
the Department in three stages of activity. The first is to acquire 
new knowledge. This is research in its strict meaning and it 
constitutes the only basis for continuous progress in the industry. 
vSecondly, is the development and utilisation of new and existing 
knowledge to a point at which it can Ixi applied in growing leaf 
and making tea. Jt involves trials and applied experimentation. 
The third activity is the clear demonstration to planters of appli- 
cations of knowledge arising from the second form of activity. 
It is what is commonly called advisory work.^^ Discussion with 
witnesses who have given us their views impels us to call atten- 
tion to the fact that no research organisation can help an industr\’ 
unless it engages in all three of these activities and appropriately 
links them together as parts of a whole. And further, whether 
money for scientific work is plentiful or not, it is never sound 
to dis2)ense with or disproportionately reduce any one of these 
three activities. Having shown the place of advisory work in a 
Scientific Department we pnx'eed now to enunciate the principles 
by which it must be goxerned. This we do from a study of the 
special circumstances of tea in North-East India coupled with 
consideration of experience which has arisen from advisory work 
for crops and countries in general. 

The Principles of Advisory Work. 

195. We enunciate these principles thus - 

(a). Apart from the handing on of general e:!tperience 
and general scientific information, advice can- 
jiot continue to be given to an industry unless 
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nevr knowledge is obtained by suitBble experi- 
mentation, We realise that this must appear 
upon reflection, to be obvious. But anxious 
desire for immediate advice may lead to error in 
this matter, as events in more than one country 
have shown. 

(/)). To be of substantial value to the crop producer, 
advice must apply to the circumstances of liis 
own area. Therefore, although a central 
research station may obtain knowledge or ex- 
pound principles of importance to many differ- 
ent localities, the application to practical indus- 
try must be worked out by special experiments 
in every locality. That is to say, local experi- 
ments as well as central research are indis- 
pensable. 

(<:). Such local experiments cannot he soundly devised 
or properly carried out in any locality save by 
an officer with an intimate knowledge of the cir- 
cumstances of the locality. If the whole area 
served by the research station be large, resident 
local officers are essential. 

(d) . The proper demonstration and utilisation of 

experimental results, in any locality, as well as 
the carrying out of the experiments, requires 
intimate local knowledge. 

(e) . Although as explained in paragraph 194, research 

and advisory work are complementary, they 
cannot, save in special circumstances, be under- 
taken by the same group of officers. In the 
reasearch worker, highly specialised know- 
ledge and a flair for investigation are essential. 
The advisory officer, on the other hand must, 
though scientifically minded, be distinguished 
by his interest in all practical sides of the indus- 
try,. Further, limitations of time as well as of 
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Interest and ability, ordinarily preclude the 
successful union, in one man, of rest'arcli and 
advisory functions. 

(/). Advisory officers, in close contact with their 
localities, are a very valuable means of keepiiuj^ 
the central research station in touch with the 
problems and conditions of the industry, in- 
cluding their special local aspects. 

(g). Notwithstanding what is said in and (/), it is 
essential for the Director and his research offi- 
cers to visit and keep in touch with all the 
localities served bv the central research station. 
Only by so doing can they keep their researches 
properly directed towards the problems of the 
industry. And further, for special cases (e.g., 
attack by a new insect) in which an advisory 
officer cannot provide information, the research 
officer concerned must act. Tt is, in fact, a func- 
tion of every research officer to act also as a 
specialist advisory officer. 


The Past 'Advisory Worh of the 7 >rientific Department. 

196. Replies to otir questionnaire brought many opinions, 
mainly strong, upon the advisory work which has been carped 
out from Tocklai. These are summarised in Appendix T (replies 
to Question TT (h) ). Tn discussion with witnesses we have been 
able to examine and give due weight to the various opinions ex- 
pressed in writing. There is no doubt that planters as a whole 
are keenly desirous of more advi.sorv he1]i than they have in t e 
past received. They .are fully aware. al.so, that Tocklai could 
not possibly, with its pre.sent .Staff, undertake adequate advisory 
work for the vast area it has to .serve. We ourselves have judged 
the .Scientific Department’s advi.sory work both by opinions 
expres.sed to us and in the light of the principles aiunciated in 
„aragrapl. .91- We feel that we ean both deliver jodgn.ent ™-! 
at the same time draw infereitce for fnttire ttse by s.aymg that 
Tocklai has been deprived by limitation of Staff from 
out adeqnite advisory work. This means that the planter has 
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not had the contact with scientific work which he desired and 
needs artd that the si^ecial circumstances of each loc'alit.v» have 
not received due allowance iu experimental work. Correspond- 
ingly, the research worker has had to run the risk of speaking 
from one place for all ; and further, he has been com]>elled to 
undertake an unworkable combination of research and advi.sorv- 
duties. 

Proposals for Local Rest, lent Advisory Officers. 

197. We are convinced that a system of local resident 
Advisory Officers is es.sential for the imoper functioning of the 
Scientific De])artment. Proposals for such a system luue been 
made more than once in the past. Our own detailed pro]x)sals 
are given in the passages which follow. By a study of the main 
tea districts and by prolonged discussion lioth with planters and 
with the Scientific Department, we are led to believe that the 
system we projxjse would prove both acceptable and ])racticable. 
It provides for an Ad\i.sor\- Officer, who would be a memlxT of 
the Scientific Department, in each of the Districts shown in the 
table below : 


Mfuibcrs of I.T.A. 'Xon-MeiiilMTs. 

I 

District. j ' 

• 'No. of I Acres of Xo. of Acres of 

ostat<;s.i tea. estatoK. tea. 

Assam ... 325 249,41)3 ' 45,000 

Cachar aud 

Sylhet ... 144 11«,800 ' H2 19,988 

Darjeeling and ; 

Terai ... 73 42 , 814 ! 65 22,126 

Dooars ... 105 103,185 } 50 28,799 


Cessin«nDusj ,.„si. 

l«-r ..Te „f ,iu,„.„ofa(lvis.My 

hr ud- I 
visory work. 


2*8 1 on North Bank 

2 on South Bank 

2*0 near Silchar 

5 1 ) near Kurscong 

2 3 near Nagrakaiia 


Advisory officers would, in all respects, including sahny 
•scale, be normal members of the Scientific Department. Ead' 
would have one or more subordinate assistants for outdoor exjjei'i- 
mental woik. The annual cost of the .sy.stem for eacli distiist 
which we provisionally take as Rs. 15,000 would be met by an 
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addi^orial cesS as shown in the table. This, being aalculattd 
to give the same total, differs in rate from district to district. 

It will be observed that the table makes no allowance for salary 
increment.s for the Advisory Officers. Moreover, no estimate df 
the cost of providing bungalows for them is made. These matters 
can, however, be dealt with by simple calculation if our proposals 
are accepted. In present circum.stances there is no shortage of 
bungalow.s in some of the places named in the table. Every 
Advisory Officer’s duties would include, as we explain below, 
the making of field-scale experiments. We have considered 
with great care whether such experiments could be carried out 
on estates or whether local sub-stations would be necessary. 
Our conclusion is that exjaeriments could be made on selected 
estates, the estate providing land, labour, and materials, and 
the Advisory Officer with his subordinates, taking complete 
charge. We are well aware that in .some territories “estate 
experiments’’ have been adjudged a failure because the farmer, 
the planter, the cultivator, the peasant or whoever is concerned, 
cannot or will not, fully play his part. But we know also that 
in other territories such experiments are a normal part of the 
acti\’ities of research stations and a most valuable means of prac- 
tical progress. Our thorough inquiries have left us assured that 
the planting community in every district of North-East India, 
given the opportunity, would ensure the success of a system o 
local experiments under resident Advisory Officers. We there 
fore earnestly hope that owning companies and agency houses 
as a whole would give both formal sanction and also encourage- 
ment to experiments on estates. Our next step is to state in 
detail the duties we consider proper for a resident Advisory 
Officer. 


The Duties of a Resident Admsory Officer. 

198. Every resident advisory officer should be a member 
of the Scientific Department, and have the following duties . 

(a). To learn intimately all the circumstances of his 
locality which affect the tea industry. This 
would involve among other things the making of 
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rM construction ofjwips 

showing their results, c.f, surveys of soil type, 
of disease distribution, of tea jats, of seed 
supply, etc., as described in Sections III and VI. 

(b). To carry out field experiments on estates in his 
locality. The nature of these experiments 
would be decided by the Director of the Scienti- 
fic Department, in conference with the Advisory 
Officer, who would naturally take into full 
account the needs and circumstances of his loca- 
lity and the views of its planters. 

(0. To give advice to tea gardens in various appro- 
priate ways including : visits to gardens upon 
request; demonstrations on his experimental 
plots; occasional lectures. This advice would 
not be rigidly restricted to tea but might well 
include supply of shade-tree seed and even 
matters affecting rice cultivation or cattle. In 
cases of special difficulty, the help of the appro- 
priate specialist officer at Tocklai would have to 
be arranged. 

(d). To keep the Scientific Department in close, 
constant touch with the events, circumstances, 
problems and opinions of the tea industry in his 
locality . 

{e). To make experiments and enquiries for the 
research officers at Tocklai with the approval 
of the Director. 

(/). Generally, to do everything possible to foster the 
interests of the tea industry in his locality. 

ig). To work under the orders of the Officer at Tocklai 
in charge of agricultural experiments whose 
duty it should be, subject to the authority of the 
Director, to develop the advisory service as fully 



( 99 ) 


as possible. A resident Advisory Officej* should 
correspond directly with planters and others in ‘ 
his locality, but should keep his superior at 
Tocklai properly informed of important commu- 
nications and proceedings. 

Qualifications of a Resident Advisory Officer. 

199. We have been at pains to satisfy ourselves as to the 
type of tnan desirable for the post of resident (local) Advisory 
Officer. Our planter witnesses have shown unanimity on this 
question and their views conform closely with what is to be 
learned from agricultural advisory services in general, both at 
home and in the varying tyjies of British tropical territories. 
The qualifications and training which seem to ns desirable are : 

(a). A keen interest in practical agricultuie and all 
that pertains to it. A farmer’s son might be 
well fitted in this respect but represents by no 
means the only eligible type. 

(h). A University honours training in pure science; 
or a University Degree in Agriculture followed 
by post-graduate training in field experinienta- 
tioii on iiioderii lines. Of the two qualifications 
we should, in general, prefer the honours degree. 

(c) . Ill the case of an honours science graduate, a 

subsequent training in agriculture and the appli- 
cations of the sciences to agriculture together 
with a training in field experimentation. 

(d) . A short period — about one or two months in 

London with tea brokers and agency houses. 

(e) . Six months on a good tea estate in North-East 

India in which period he should work exactly as 
if he were a newly appointed Assistant. 

(/). Six months at Tocklai. 
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It may be objected that the home training we suggest is 
inordinately long. Our reply would be that we suggest no more 
than is now found necessary in analogous cases. Or it may be 
held that financial considerations would deter young graduates 
from embarking on the long training suggested for these appoint- 
ments. To this we answer that it would be a thoroughly sound 
investment for the industry to follow the example of the Colonial 
OflSce and of the cotton industry in giving scholarships to young 
graduates selected to fill vacancies. 

Relations with Agency Houses and Private Adinsory Ojficers. 

200. We have considered, with the help of witnesses, 
whether the role proposed for resident Advisory Officers would 
be in any way incompatible with the part played by Visiting 
Agents or by the private Advisory Officers employed by certain 
companies. In our view there is no ground for uneasiness here. 
The resident Advisory Officer can do no more on an estate than 
offer advice when asked for it. Working policy and executive 
action on estates would naturally remain with those who now 
have the control and it would be for them to decide, how, if at all, 
to use the Advisory Officers' information. 

201. The system of Advisory Officers constitutes, in our 
view, the Scientific Department’s outstanding requirement. 
These officers, besides providing an urgently needed advisory 
service, would give to the Department’s researches that wide- 
spread testing for lack of which they have been severely and 
inevitably criticised. Before leaving the subject of advisory 
work we must take up two matters closely related to it. These 
are : publications and lecture courses. 

Scientific Department's Publications : The ^'Quarterly JournaV\ 

202. An institution with duties like those of the Scientific 
Department must issue two kinds of publication. The results 
of its researches must be given in scientific form : and secondly, 
the applications of its results to the practices of the industry 
must be stated in brief, clear, practical form. To confuse or to 
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try to unite these two ways of describing the outcome of the work 
of a ‘scientific department has over and again proved wVong. In, 
Section X we deal fully with the question of scientific publica- 
tions. For the publication of practical results and for a general 
written medium for advisory work, four principal suggestions 
have been carefully discussed with our wiUresses. These, with 
our own conclusions concerning them are 

(a) . That the Quarterly Journal should resume publi- 

cation. The main reason given in support of 
this is the desire of the average planter to be 
informed, not less than about four times a year, 
of the work proceeding at Tocklai and of its 
results. This is robbed of its force, we feel — 
and most of our witnesses entirely agree — by 
the proposal for resident Advisory Officers. 
Against the Quarterly Journal some strong 
reasons have been given. Scientific investiga- 
tors it is urged (by planters), should not be 
asked to spend their time in producing non- 
scientific articles with a regularity that makes 
them hack-writers. And, further, since scien- 
tific results do not accrue with quarterly regu- 
larity, the Quarterly Journal is likely to need — 
and did in fact formerly show — a considerable 
amount of padding and repetition. We are 
against the restoration of the Quarterly Journal. 

(b) That the Scientific Department should publish 

an Encyclopaedia or Handbook on Tea. What 
supporters of this idea desire is a small refer- 
ence volume which they may consult on matters 
such as the names, seed rates and methods of us- 
ing of shade trees : the percentage of nitrogen, 
etc., in various fertilisers; spraying formulae and 
so on. A Handbook of Information of Tea was 
issued by the Department in 1929. We think it 
would be wise to defer a new publication of the 
handbook kind until the pamphlet system (c.f. (c) 
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below) lias been fully developed and until by 
means of the experiences of the proposed Advi- 
sory Officers, the needs of planters have been 
closely ascertained. 

(c) . That Occasional Pamphlets should be issued from 

time to time as practical applications of research 
work •arise or matters of interest develop to a 
stage at which they may be reviewed with safety 
and with profit. This proposal we consider 
good. Several occavsional jiamphlets or bulletins 
have, of course, been issued by the Department, 
but their form has not, we are assured, been 
wholly suited to the readers^ desire. Criticism, 
which we have carefully examined, may be 
simply summarised. It is held that past publi- 
cations of this kind have beeinin the form of an 
account of exiieriments, with a considerable 
amount of numerical data. They have des- 
cribed general principles and relationships 
instead of giving clear recommendations for 
practical action. In short they have been popu- 
lar paraphases of scientific papers rather than 
practical instruction. The difficulty of uniting 
brevity and precision with necessary caution and 
reservation is well-known in writing on agricul- 
tural topics. We feel, however, that unremit- 
ting effort should be made to produce pamphlets 
free from the objections stated above. Some of 
the British Ministry of Agriculture Leaflets, we 
suggest, might be taken as typical of what is 
needed. Attention to publishing detail would 
be well repaid as, for instance, in a common 
format; an index, and arrangements (through 
a binder) for binding or filing. 

[d) . That the present Annual Report (with which we 

deal fully in Section X) should be displaced by 
an entirely new form of Annual Report for 
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planters. This should be brief and in hoii- 
scientific language. It should clearly explain 
the purpose of the investigations of the past 
year, their general nature and where appro- 
priate, the trend of the resv\lts. Details of plot 
layout and of experimental data should not be 
given. Short articles of current general interest, 
as distinct from a review of current research, 
might be added. Certain other similarly cir- 
cumstanced Scientific Departments issue 
Annual Reports which are considered to be of 
the kind here contemplated. We think this 
new form of Annual Report should be adopted. 

203. In Section XI we briefly refer to the possibility of an 
inter-country scientific periodical for tea research. Whether, 
correspondingly, a non-technical journal could be produced by 
countries collaborating in research is a question to which, we 
think, attention should be given at some later date. 

Lecture Courses at Tocklai, 

204. The number of Tocklai lecture courses for planters 
was reduced we understand, as an inevitable result of staff 
changes made during the recent financial crisis. Our witnesses 
of all kinds have expressed nothing but regret at this reductidn. 
Some of them complain that the courses cover t(X) much ground 
and would be more helpful if their field were limited to tea grow- 
ing and tea making in alternate courses. Another criticism is 
that lectures occupy undue time to the detriment of practical 
demonstrations. But these criticisms, made in very good- 
natured terms, are trifling in comparison with the appreciations, 
warm and everywhere repeated, of the value of the courses. The 
opportunity to attend is much smaller than the desire and wc 
strongly recommend the immediate restoration of the full num- 
ber of courses. 

The Training of Planters, 

205. It would be illogical to examine the question of advi- 
sory work without considering the planting community itsdfv 
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in fenrope, in America, and in tropical countries, it lias ^coiiie 
very clearly recognised that advisory service to crop producers 
is not an isolated agency of progress but a part of the great under- 
taking of agricultural education. We feel that our terms of refer- 
ence prevent us from making specific proposals but we respect- 
fully and most strongly urge upon the tea industry of North-East 
India the importance of considering the recruitment and train- 
ing of planters in the light of current developments in home and 
tropical agriculture. 

The Attitude of the Planting Community Towards the Scienti- 
fic Department. 

206. In our questionnaire we invited the planting com- 
munity to offer frank criticisms of the work of the Scientific 
Department. As may be seen from Appendix I the planters^ 
criticism was conjoined with appreciation and our many discus- 
sions have convinced us that the general attitude to Tocklai is 
healthy. We are nevertheless constrained to call attention to the 
importance of this attitude. It may be said in part to govern 
and in part to reflect the effectiveness of scientific work on tea. 
The ultimate purpose and the ultimate interest of scientist and 
planter are one and it is to be hoped that an active consciousness 
of ^ this will continually inspire both of them. We have, here, 
one suggestion to make, viz., that regularly, once a year, a 
selected body of planters’ representatives should pay a visit to 
Tocklai. We suggest that these representatives, one from each 
District, should be nominated by their District Associations, 
from the most senior and influential members of the local com- 
munity. Men of this status naturally do not attend courses of 
instruction. Some occasionally pay private visits to Tocklai but 
great advantage would accrue from a combined visit. Two pur- 
poses would be served. The Scientific Department would be able 
to discuss the field of their research with an exceptionally well 
equipped body of advisers : and for each District, an accredited 
representative would each year be able to take back first hand 
impressions of the efforts being made to assist the tea industry 
by scientific investigation. In the past, particularly since the 
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Tocklai Staff was reduced, the planting community has felt itself 
outsidf the effective reach of its Research Station. While it is 
patently the duty of the Station to keep itself in touch with the 
problems of the industry it is no less patently incumbent on the 
industry to inform itself constantly of the aims and work of its 
own station. Visiting agents, or Directors coming out from 
home, could play a highly important part by occasionally going 
to Tocklai. The past infrequency of their visits has, in our 
view, been proof of a regrettable lack of interest. 
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SECTION IX. 

THE TOCKLAI STATION. 

207. In reporting on tlie Station we deal successively 
with : 

Land. 

Laboratories and Equipment. 

Factory. 

The numerical strength of the Staff of the Scientific Depart- 
ment comes under discussion in Sections IV and VIT. Criticisms 
and suggestions concerning land and factory have flowed freely 
into us both at home and in India. We have encouraged our 
witnesses to speak at length on matters affecting the Station 
itself, not only for our own information, but in the hope of help- 
ing to promote an understanding, vitally important both to 
science and practice, of the relationship between experimenta- 
tion and the practical use of its results. 

Land, 

208. The vStation’s land consists of 30 acres at Tocklai, 
30 acres at Tulsipara (320 miles away) and about 140 (plantable) 
acres at Borbhetta (2^ miles away and easily reached) of which 
some 73 acres are planted. The small area at Tocklai itself is 
occupied by vStaff houses, laboratories, factory, and other build- 
ings and in addition provides space for the small plots of tea 
which it is essential to have immediately next to the laboratories. 
There is no need for any great expanse of land at Tocklai (the 
main plots being at Borbhetta) but we recommend that in the 
near future a plan of development be drawn up for the land in 
possession there in order that any future buildings on it or uses 
of it may be wisely arranged. On general grounds of geography, 
and of society, Tocklai is a good centre for tea research. 

209. Borbhetta has been doubly criticised. In some reports 
on experiments the patchiness of its soil has been said to make 
precision unusually difficult. The remarkable uniformity of 
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many vast strelclies of land occupied by tea in parts of -Norlb- 
bvc\st India may well sbow up irregularities at l^orbliet^a but- it 
cannot be doubted that tlie soil tliere is cpiito well sviited in point ^ 
of uniformity, to experimentation. From a number of planter 
witnesses has come the second criticism that Tocklai and Bor- 
bhetta soil and climate are exceptional and so cannot represent 
the conditions of any but a trivial fraction of the tea estates. We 
kept this criticism in mind when going rohnd the tea districts. 
Certainly no single place could be taken as representing North- 
Fast Indian tea as a whole either in soil or climate. But Tocklai 
and Borbhetta do rejn*esent as considerable an area of tea land 
as could t>e expected ot any single place. Moreover, in so far as 
such conceptions can be formed, the modes of soil, climate, and 
other circumstances seem to be found at any rate reasonably well 
in the Tocklai neighbourhood. The 6o acres remaining im- 
planted at Borbhetta should suftice for the visible future land 
requirements of headquarters experiments 

Local Sub-Stations. 

It would be a very obvious advantage if a permanent 
sub-station could be maintained in each of the main tea districts. 
{Suggestions for this have come from several witnesses, especially 
in certain of the districts. We have had to set the idea aside as 
financially impracticable but we feel sure the system we have 
proposed (in Section VI 11) will supply the basicalh' necessary 
local experiments, Tulsipara, the only existing out-station, 
involves very modest upkeep and, because of the usefulness of 
the experiments carried out there, should, we consider, be car- 
ried on. 

The Use of Small Plots. 

21 1 . We have found in some written replies sent to us and 
in some discussions, a mistrust, occasionally openly expressed, 
of results from experiments in which use is made of small plots, 
i.e., oi the order of a tenth of an acre. It has been held that these 
cannot allow for all the circumstances of commercial-scale , tea 
growing. The allegation is true : for certain points, especially 
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concerning labour requirements, cannot be brought out except in 
large-scale working. But this does not mean that small-scale 
experiments can produce no results of value to commercial tea 
growmg. On the contrary, we are convinced that in the main 
the use of plot experiments by the Scientific Department is cor- 
rect and efecient and in conformity with the ideas universally 
prevalent in all forms of agriculture. It is, however, relevant at 
this point to make the important criticism that in deducing practi- 
cal applications from plot experiment results, tlie Department has 
in some cases argued as if all its circumstances were exactly the 
same as those on tea estates. The strong practical interest of the 
proposed Advisory Officers may be expected to provide the 
Department with its own, locally informed critics, in matters of 
this kind. 

Laboratories and Equipment. 

212 . We consider the Station is well off in laboratory 
buildings. Some additions to chemical and other equipment are 
desired but these are such as can be dealt with through the annual 
estimates. The laboratory-scale tea-manufacturing plant of 
which we speak in paragraph 158 and again in paragraph 230 (a) 
can also be financed by the annual expenditure of the next few 
years. We here record our view that it should be treated as 
essential for manufacture studies. Only one other question 
arises here and that is the Library. Additional books are neces- 
sary and could be provided from annual expenditure but there i« 
no space to store them. An extension of the library building 
with the necessary shelving, would cost about Rs. 2,500 to 
Rs. 3,000 but we think it practicable to supply what is required 
and at less cost by re-shelving and re-lighting the existing space. 

Factory Experiments. 

213. The factory at Tocklai has equal place with the 
Advisory System as a subject of complaint, and of comment, 
developing at times into witticism. Our own views about factory 
requirements are naturally derived from the policy of investiga- 
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tion on tea quality and manufacture which is set out in Sections V 
and VL We consider the following are necessary : 

(a). The building up of a very small laboratory-scale 
tea-making plant for experiments on the quanti- 
ties of leaf obtainable from even single bushes. 

{h). The improvement of the present factory so as to 
make it meet all the requirements of plot work 
{e.g., manuring or plucking experiments) and 
certain initial requirements of the study of 
manufacturing processes. Its present size (the 
roller charge being 20 to 50 lbs.) is appropriate 
for these purposes. 

(c). The creation, in the light of experiments includ- 
ing those of (a) and (b) above, of a manufacture 
ing plant of about the same capacity as the pre- 
sent one, but specially suited to experimental 
work. The scope and purposes of this have been 
explained already in paragraphs 163-4. This 
undertaking should proceed as soon as the 
requisite knowledge is available. The machinery 
might be housed with that of (h) in an extension 
of the existing biiilding or a new building of 
about the size of the present one might be neces- 
. sary. 

((i). A system for using suitable and available com- 
mercial factories for large-scale' test of methods 
devised in small-scale experiments. This is 
explained in paragraph 246. 

It is, as already explained, by our study of the field of 
research on quality and manufacture that we have been led to 
this policy for factory equipment and large-scale work. We have 
devoted great care to the present situation and to alternative 
policies and we think it well to treat of these somewhat fully, 
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The Present Factory. 

214. The present factory suffices to perforin in an admit- 
tedly imperfect manner, the tea making connected with plot 
experiments. It is not equipped for any but the most limited 
experiments on manufacturing processes. We do not speak of 
responsibility for this state of affairs, which merely reflects the 
state of development reached in quality investigations and is not 
in any way the out-come of the linancial policy of the Scientific 
Department Sub-Committee. Many strong criticisms of the fac- 
tory and its working have been made but all of them impl}^ 
directly or indirectly, that the Scientific Department should 
make its tea in a factory of normal, commercial size. 

The Need for a Full-Size Factory, 

215. Many sections of the planting community have put 
forward, as a principle, that nothing of value for commercial 
work can be learned except in a big factory. Our reply is that 
there are principles common to tea making in factories of every 
size and that it is these principles which the Scientific Depart- 
ment should labour to discover as a basis for improved methods 
in large-scale practice. The extremely interesting discussions 
we had on this point in the various tea districts showed that 
plahters as a whole quickly saw and admitted these arguments. 
Our experience leads us to say that we think the Scientific 
Department has suffered unjustly and unnecessarily in public 
opinion by not making more clearly and widely known its policy 
in experimentation on manufacture and the inevitable limitations 
of scale that have to be faced. 

216. Brokers have also been critics of small-scale tea mak- 
ing and we have fully ascertained their views. We conclude, 
after most careful study, that neither the brokers' criticism nor 
the planters' constitutes a sound reason for equipping Tocklai 
with a large factory. 

217. Certain other arguments have been put forward for 
a large factory. One is that the Scientific Department would 
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carry far inore weight in the industry If it were to show that i? 
had the ability to grow leaf and make tea on a coinnie/cial sea' 
and at a profit. The analogous idea conies up, of course, in con- 
nection with every research and teaching centre in agrignltiire. 
Much can be said in favour of it; and much against. Men giving 
their minds to scientific research cannot ordinarily at the same 
time, even if they possess them, exercise .those faculties of busi- 
ness which, inst as much as technical knowledge, are reouired 
in practical planting or farming. Moreover, a research station 
might show a profit on practical nlanting bv enlisting a highly 
comoetent manager from some other garden and giving him his 
freedom. Tt would not thereby be showing the great practical 
ability of its scientific staff. Moverover. it is very easy to water 
down the success of a scientific station in practical crop produc- 
tion by allegations of peculiarly favourable conditions. The fact 
is that for an agricultural scientific centre, especially one for 
teaching as well as research, to achieve success in practical pro- 
duction, is an immense asset. But nnoiiestionable success is 
not easy to achieve without sacrifice of the interests of science; 
and limited success, or failure, is a great handicap. Kvery 
research centre must solve this problem in the light of its own 
special circumstances. Our conviction is that the argument of 
status in the eves of the planting community does not justify a 
large-scale factory at Tocklai. 

gi8. Some planter representatives have argued, further,- 
that by running a big factory and garden the Scientific Depart- 
ment would be kept in very close touch witli jiractical conditions. 
For the reason given in paragraph 217 we do not think this neces- 
sarily holds. Moreover, any scientist anxious for practical con- 
tacts would be a welcome visitor and have unfettered Hlxrty for 
observation in most factories. 

The Objections to a Large Factory at Tocklai. 

219. We have in paragraphs 217 and 218 given our reply 
to arguments widely used in favour of a large factory at Tocklai. 
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To these we now add the following specific objections : — 

^(a). A factory, to be used for experiments, must be 
capable of rapid and great alterations. If, for 
instance, it were desired to find out the effect of 
withering leaf to 65% moisture in periods of 
time from 24 down to 4 hours, no ordinary com- 
mercial factory could be used. To equip a big 
factory with machinery capable of the great 
variations required for far reaching experiments 
would be exceedingly expensive both initially 
and in running. That is to say, for making 
actual experiments and trying entirely new 
methods as distinct from straightforward tests, 
only a small-scale factory can be used. 

(6). For experimental plots, separate amounts, each 
of about 20 lbs. of green leaf, commonly have to 
be manufactured. For this a large factory is 
obviously useless. 

(c) . Results obtained in a large factory at Tocklai 

would be unacceptable in other areas, as Tock- 
lai results are now, because of differences in con- 
ditions. Thus the demand for a large factory 
for experiments is really a demand for several. 

(d) . Ignoring (a) and (c) above and thinking only of 

one normal, large, factory for the Scientific 
Department, cost is a great obstacle. A factory 
is useless without leaf and to acquire the neces- 
sary acreage of land securely and permanently 
would, we feel, lock up money better spent on 
other well proved needs of the Department. 

We have repeatedly asked ourselves and our witnesses in 
precisely what ways a large factory at Tocklai would be used to 
advance knowledge of quality and manufacture. The conclusion 
we reach is that for the present the idea of such a factory should 
be abandoned. 
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Our Recommendation as to a Factory. 

220. Our recoiiiinendation is that funds be supplied as 
required for the experimental factory developments set out in 
paragraph 213 (a) to {d). We do not attempt to estimate costs, 
y^hich will be spread over several years. Stage (c) will have to 
wait on progress and experience in (a) and (b). When entered 
upon, it will involve building unique machinery, i.e., everj^ 
piece specially built to the Scientific Departnient’s own design. 
Success in both designing and construction will naturally depend 
very much on the attitude taken by makers of machinery. That 
their own interest may be affected by the progress of experiments 
with the new machines is a consideration which the tea industry 
should be at pains to expound. 
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SECTION X. 

THE ORGANISATION AND CONTROL OF THE WORK 
OF THE SCIENTIFIC DEPARTMENT. 

221. We have, in Section I, enunciated principles in the 
light of which we took up our terips of reference. One of these 
is that the constitution and administration of any research 
station should be primarily designed to promote the scientific 
work of the station and should, therefore, subserve it. It is by 
this principle we are guided in the present Section which deals 
with the following matters : — 

Deciding which problems of industry shall be studied. 

Planning experiments to deal with these problems. 

Carrying out the experiments. 

Staff matters. 

Extension of experiments to the various tea districts of 
North-East India. 

With the Advisory work of the Department we have already 
dealt in Section VIII. 

222. The first step in planning the work of a scientific 
department, lies in deciding which problems of the industry shall 
be studied. Resources never allow more than a limited proportion 
of the problems to be dealt with at any one time ; some problems 
affect only a small area; some are ephemeral, arising from the 
special circumstances of a particular season. To make choice of 
the problems thus requires a wide knowledge derived from close 
touch with the industry. It is clearly insufficient to choose a list 
of problems on the basis of their industrial importance. They 
must be formulated in such a manner as to facilitate their 
handling by scientific methods. For this, wide scientific know- 
ledge is necessary. Now only the Chief Scientific Officer in an 
industry is able to combine scientific attainments with an inti- 
mate knowledge of the industry and thus the choice of problems 
for study must be made by him. How he can most effectively 
keep in touch with the circumstances and problems of the indus- 



